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ABSTRACT

The aging E-2C fleet is expected to be retired by the year 2015. In order to

orovide Airborne Early Warning (AEW) for the battle group during the

transitional years and beyond, the design of a replacement aircraft must begin

soon. In order to conform with present day economic realities, one possible

configuration is a new airframe using the radar system and rotodome which

currently operates on the E-2C. Other likely requirements for a new AEW

aircraft includes a high-speed dash (M=0.7-0.85) capability, an extended

mission time (up to 7.5 hours), turbofan engines, and an aircrew ejection

system.

The results of this design effort includes an investigation of a possible

configuration and the aerodynamics involved. Performance and Stability &

Control characteristics are also discussed briefly. Finally, a qualitative analysis

of the use of the E-2C's radar system on a new airframe will be presented.
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I. INTRODUCTION

The purpose of this thesis is to provide an initial conceptual design for a

carrier-based Airborne Early Warning (AEW) aircraft that would replace the

E-2C. The AEW aircraft design is in response to a Proposed Request For

Proposal (Proposed RFP), which is based on the perceived need to replace the

E-2C. The Proposed RFP was prepared by C.F. Newberry after informal

discussions with several individuals including students, Naval Air Systems

Command (NAVAIRSYSCOM) staff, and other members of the E-2C community.

It is not an official document, but rather a general guideline for an AEW design.

The Proposed RFP is included as Appendix A. This chapter will provide some

introductory material necessary to understanding the issues involved in

designing any generic AEW aircraft. A description of a generic AEW mission

profile will be discussed. Additionally, a brief description of the method of

design will be presented.

A. BACKGROUND

1. Proposed Request For Proposal

With an increasingly aging E-2C fleet, the Navy has recently

recognized the need for a replacement AEW aircraft. In accordance with

present economic realities, the first objective is to provide a capable platform

that is cost effective. A "low risk airframe configuration" is most desired. A low



risk detection system is also desired. In order to satisfy the above objectives, a

Proposed RFP requirement is to include the existing 24-foot rotodome currently

being used on the E-2C in the new design.

In order to detect high-speed adversary aircraft as far from the battle

group as possible, and to quickly replace an aircraft with an inoperative

detection system, there is a requirement that a new AEW platform possess a

high speed dash (M=0.70-0.85) capability. The aircraft must also possess

excellent loiter characteristics in order to provide long periods of detection for

the battle group. A total unrefueled mission cycle time of 5.75 hours is required.

Additionally, an in-flight refueling capability is required to extend mission cycle

time.

The new AEW aircraft is required to provide direct self defense. It is

expected that two AIM-7 Sparrow-sized missiles would be mounted on wing

stations. Additionally, it is required that the aircraft possess chaff and flare

launchers. Also, there is a requirement for a crew ejection escape system.

Carrier Suitability requirements include total compatibility with all

CVN-68 (Nimitz class) carrierS and subsequent, and a maximum takeoff weight

of 60,000 lbs. Also, in an effort to remove the hazards of spinning propellers on

the flight deck, a turbofan propulsion system is required. Table 1 outlines the

significant Proposed RFP requirements for the AEW aircraft.

2. AEW Mission Profile

The Proposed RFP specified some general mission requirements the

AEW aircraft must be able to accomplish. Also included is standard information
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on essential mission parameters such as start, taxi, fuel reserves, etc. These

requirements were used along with a baseline knowledge of the AEW mission

to generate the mission profile shown in Figure 1. Mission parameters are

summarized in Table 2.

TABLE 1. PROPOSED RFP REQUIREMENTS

PROPOSED RFP TOPIC REQUIREMENT
High Speed Dash Mach = 0.70-0.85

Loiter 4.5 hrs at 250 NM from Carrier
Mission Cycle Time (no refuel) 5.75 hours

Mission Cycle Time (refuel) 7.50 hours
Detection Antenna Existing 24-Foot Rotodome

Propulsion Turbofan
Escape System Ejection

Maximum T/O Weight 60,000 lbs.
Carrier Suitability Total Compatibility w/ CVN-68 and

Subsequent
Carrier Launch 0 Knots Wind Over Deck (WOD)

Carrier Arrestment 0 Knots WOD
Single Engine Waveoff 500 ft./min. minimum

Weight Growth 4000 lbs. minimum
Limit Load Factor 3.0 g's

Self Defense 2 Missiles, Chaff, Flares
Cockpit High Visibility for Ship OPS



4*30 Loiter

High Speed Dash

01'=0.70-0.85)

Recovery

Accel. &

Total Cycle Time: Climb
5+45 (unrefuel) Start/TeoI/

7+30 (refueled) Takeoff

--. lapprox. 250N I -

Figure 1. AEW Mission Profile

It should be noted that some of the performance parameters presented

in the Mach number, Distance, and Time columns in Table 2, are approximated

based on historical trends and past experience. A more detail estimation of

performance is provided in Chapter V.
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TABLE 2. MISSION PARAMETERS

PHASE M ALTITUDE DIS- TIME TOTAL POWER
NO. (FT) TANCE TIME

(NM)
- Taxi 0 0 0+20 0±20 Idle

,-.•KeOff 0.3 0 - - - Mil
Acoel/Climb 0.5 0-35,000 35 0+20 0+40 Mil/Max
High Speed 0.78 35,000 250 0+30 1+10 MaxMil

Dash
Loiter 0.45 35,000 - 4+30 5+40 AR

Descent 0.7 35,000- 35 0+10 5+50 Idle
5,000

Recovery 0.7- 5,000-0 - 0+15 6+05 AR
1 0.2 1 1 1 1

Also note that by choosing a specific Mach number for the high speed

dash phase, the first design decision was made. The Mach number range

given in the Proposed RFP was too broad. The upper end of the Mach number

range seemed a little too high (M=0.85), particularly from the standpoint of drag

divergence. On the other hand, the lower end of the range (M=0.70) seemed a

little too low from the standpoint of design technology. It was decided that a

mid-range Mach number (M=0.78) was the maximum realistic speed to which

this AEW aircraft could be designed.

B. DESIGN STRATEGY

As previously mentioned, the primary purpose of this research was to

provide a first iteration on a conceptual design only. As such, the areas of

research are directly proportional to the areas of emphasis given in the

Proposed RFP. The focus of this research will be on the aircraft configuration

5



and the resulting aerodynamics. Performance and Stability & Control will also

be discussed briefly. Some of the topics addressed in preliminary design books

such as References (1) and (2) are outside the scope of this research. Such

topics include propulsion, structures, and cost analysis. A more complete

design effort is possible only after an entire design team is assembled.

The primary objective during the design process was to remain focused on

what the customer (NAVAIRSYSCOM) might desire in a AEW aircraft. This

design approach, known as Quality Function Deployment (QFD), seems

obvious but is a new concept to most design teams. QFD will be discussed in

detail in Chapter I1.

In order to avoid "reinventing the wheel" and to keep costs down,

characteristics of proven aircraft with similar missions (i.e., E-2C, S-3A, EA-6B)

were evaluated, and integrated into this AEW aircraft design. The overall

philosophy was to keep the AEW aircraft design as simple, and as conventional

as possible. Design techniques and equations were used in accordance with

conventional design books such as References (1) and (2). Also, computer

programs such as MATLAB and EXCEL were used as much as possible to

rapidly complete future iterations. The programs are included as appendices.

The equations in each computer program are referenced with the appropriate

book and equation number, in order to assist any follow-on work to this thesis.

6



II. PRE-DESIGN ANALYSIS

It is widely understood that the further along a product is in its design

process, the less design freedom the engineer enjoys. Therefore before any

design process begins, it is imperative that the customer's desires and

parameter constraints be thoroughly analyzed. This chapter will examine the

specifics of QFD, and the constraints placed on the AEW aircraft.

A. QUALITY FUNCTION DEPLOYMENT (QFD)

Because of the present realities of fierce global competition, major

companies throughout the world are searching for creative ways to produce

high quality products at competitive prices. For governments on tight budgets,

the commitment to high quality and low cost has also become increasingly

important. The results of these realities have been numerous quality-based

management, engineering, and design philosophies. Some of these

philosophies include Deming's Total Quality Management (TQM), Taguchi's

Parameter Design Method, and Mitsubishi's Quality Function Deployment

(QFD). It has been these kinds of quality-oriented philosophies that have made

Japanese industries so successful. Because these strategies are

complementary, the more general term of QFD will be used for the purpose of

this discussion.

7



As noted in Reference (3), it is extremely difficult (and costly) to implement

quality into a product that has already been designed. Therefore in order to

design a quality product, it is imperative that before a preliminary design

process begins, sufficient time must be spent on the issue of product quality.

From the standpoint of QFD, the answer to the question "What is Quality?" is

simple--quality is providing what the customer wants! Reference (4) provides a

more formal definition--"Quality is the loss a product causes to society after

being shipped, other than any losses caused by its intrinsic functions". The

purpose of QFD is to investigate what the customer wants in detail, and then

translate those desires into engineering and design decisions.

The result of implementing QFD speaks for itself. As Reference (5) points

out, Toyota Auto Body reduced costs by 61% after implementing QFD.

Reference (6) notes that an unspecified Japanese automaker with QFD takes

32 months from first design to finish a car, while it takes 60 months for a U.S.

automaker without QFD! These results were accomplished because of a

commitment to begin the design process only after extensive customer research

was completed. Once the design process was underway, the need for design

changes became almost non-existent, because the customer's desires were

already known. Figure 2 is reproduced from Reference (5) and graphically

illustrates the difference in the design philosophies between two automobile

companies. The lesson to be learned is ciear--if more time and money are

spent investigating customer desires before the design process begins, more

time and money will be saved in the long run, and product quality will be higher.

8
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Figure 2. Results of QFD IRef. 51

In terms of an AEW aircraft design, a preliminary QFD analysis wns

performed based on the customer's (NAVAIRSYSCOM's) perceived desires

expressed In the Proposed RFP. These desires, commonly referred to as

Customer Attributes (CAs), were then numerically prioritized in accordance with

the relative Importance given them in the Proposed RFP. Based on the

customer attributes and their relative importance, a House Of Quality (HOO) was

constructed. The HOQ is a matrix-type figure that puts customer attributes into a

format that is usable by both engineering and management. The HOQ is shown

in Figure 3.

Several items should be mentioned in the construction and use of the

F!OQ. As was previously mentioned, CAs were ranked according to the relative

9



importance given them in the Proposed RFP. The Relative Importance (RI) is an

integral part of the HOO because it is a constant reminder to both management

and engineering of their priorities. The RI is a major tool for making design

decisions.

RELATIONSHIPS

*. Strongly Positive
Positive

--jStrongly Negative
Negatlve V

E

Cr U)

L C

Customer Attributes U u o >

Life Cycle Costs - - - I I I
CarrierSuitabillity 4 -..

Ejection Capability
Existing Rotodome 6
In-Flight Refueling 9

Takeoff Weight e
Turbofan Engines

Number of Crew
High Speed Dash 2 + • t-

Max. Endurance Loiter • + 4 , . ,+ 4+

flax. Sustained Load 12 + - -

Self Defense I0 4 4 '

Figure 3. House of Quality
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Note that Figure 3 shows CAs vs. Engineering Characteristics (ECs). The

CAs can be considered the "what" portion of the HOQ while the ECs can be

thought of as the "how" portion. This is because the CAs communicate what

needs to be accomplished while the ECs tell us how they can be

accomplished. Reference (5) points out that, "Engineering Characteristics

should describe the product in measurable terms and should directly affect

customer perceptions". Thrust-to-Weight ratio (T/W) for example, is clearly

measurable and it will directly affect how the customer perceives the product in

terms of its performance characteristics. Also note that shown with each EC is a

plus or minus sign. This communicates to trhe engineer what should ideally be

accomplished with a particular EC. For example, the Weight EC is followed by a

minus sign because the objective is to keep weight as low as practical.

The central matrix portion of Figure 3 is the primary vehicle in which CAs

and ECs communicate. As Reference (5) notes, it is in this central matrix that

ECs that affect particular CAs are identified, and relationships between them

are established. For example, there is a positive relationship between low

Weight (EC) and maximum Endurance loiter (CA). In other words, all other

things being constant, the lower the weight the longer the loiter time. Once this

matrix is completed, the engineer will have a better idea of how to proceed in

terms of the design process.

Another significant part of the HOQ is the characteristic roof. The roof is

used to establish relationships between various ECs. For example, there is a

negative relationship between low weight and higher Fuel Volume. Like the

11



central matrix, the completed roof helps the engineer make the necessary

decisions in the design process, by balancing these relationships.

The HOO shown in Figure 3 is only the first in a series of four or more

HOOs that can be used to communicate the customer's desires through to the

actual manufacturing process. Figure 4 is reproduced from Reference (5) and

shows an example of how these HOOs might be related and how CAs trigger a

series of decisions made through to manufacturing. Note that the "how" portion

of each HOC becomes the "what" portion of the next HOQ. The subsequent

HOOs in the series would necessarily be generated after future iterations in the

design process. It is difficult for example, tc examine the characteristics of

specific parts while still in the conceptual phase.

Now. Mov Pmasm PROOMSlc

• -,,-- _ ,,.,.•J _ ,m, ohm'-"-

'I II" 4"' I

or MAR DOWLOE MAWOM ~ PAMIOM

Figure 4. Linked HOOs [Ref. 5]
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It should be emphasized that the HOQ shown in Figure 3 is preliminary. It

is based on the preliminary requirements given in the Proposed RFP,and is

primarily used for setting design priorities. Before the AEW aircraft design goes

beyond the conceptual phase, detailed marketing research should be

conducted to investigate what the customer wants. The research should

include a survey of all the customers including NAVAIRSYSCOM, aircrew, and

maintenance personnel. The research should be a study of likes and dislikes of

even the smallest details of an AEW aircraft. For example, questions on the

operation of the external door, or the location of a parking brake, etc.. should be

included when questioning customers. This research would then generate

many series of HOs.

The QFD strategy cannot be overemphasized in the aircraft design

process. Although the process may seem time consuming and wasteful at first.

a properly implemented QFD program will result in enormous long run benefits

to both the aircraft company and the customer. Within the scope of this

research, only aircraft companies with fully implemented QFD programs should

be considered for development of the AEW aircraft.

B. CONSTRAINT ANALYSIS

Before the actual design process can begin, it is necessary to evaluate two

of the aircraft's characteristics. These characteristics are T/W and Wing

Loading (W/S). A series of performance equations may be derived in which

T/W is expressed as a function of W/S. These equations are derived in

13



Reference (7). Equation constants are obtained from performance

characteristics provided in the Proposed RFP, For a range of W/S, a range of

T'W may be generated for each equation. The equations are then graphed on a

single constraint plot. The plot graphically depicts a solution space. Any T/W-

W/S combination may be selected within that space. Obviously, some T/W-W/S

combinations will be better than others. For example, suppose a constraint

analysis on an aircraft reveals that lowest T/W in the solution space is 0.25.

This means the aircraft can perform the required mission at a T/W = 0.25. It

would be illogical to choose a T/W = 0.50 even though it is also within the

solution space. It should be noted that although the constraint plot is primarily a

pre-design tool, it may be used throughout the design process. As more

knowledge of the design is known, more exact iterations of the constraint plot

may be generated. It should also be pointed out that the constraint analysis

need not be limited to performance equations only. For example, if a valid

expression for maintainability in terms of T/W and W/S is found, it should also

be included as part of the constraint analysis.

In order to keep future iterations simple, a computer program was written in

MATLAB, based on the performance equations derived in Reference (7). The

complete program is included as Appendix B. All equations in Reference (7)

applicable to the AEW mission were used with the exception of takeoff and

landing performance. Expressions presented in Reference (1) were used for

takeoff and landing performance because of their simplicity and their more

conservative results. Performance equation constants were obtained from

14



performance characteristics provided in the Proposed RFP and from a baseline

knowledge of the AEW mission. The results of the AEW constraint analysis is

shown in Figure 5.

0o- ` 40608 to 2 14
1 p -Ji

jo.6 ii "

WW L afi (W:S.

.: -- i

2040 60 80 100 120 140

win L~oadi (w/S)

KEY- 1 ) HIgh Speed Dash at M=0.78 & 35K ft. >
2) Max Endurance at V-=0.45 & 35K ft. - -
3) Constant Speed Climb at M=0.41 & 15K ft. =='x x'
4) Sustained 'g' Turn at 2g's & 20K ft. -=
5) Level Accel Run at 35K ft. ==) 'o o'
6) Takeoff Performance (Nlcolal) --
7) LandIng Performance (NIcolal) ==' T
8) Malntalnablllty (fI-H/FH=30) =- _

Figure 5. AEW Constraint Analysis

The solution space is the outlined upper center portion of the graph. Note

the relatively flat bottom of the solution space. This flat bottom is most fortuitous

because it allows a certain degree of design freedom. For a relatively low

15



T/W of 0.46, a W/S anywhere between 55 and 116 Ibs/ft2 can be chosen.

Because of wing area limitations for carrier operations however, the W/S for an

aircraft of this size is typically between 70 and 116 Ibs/ft2-

Also note that the constraint plot includes a maintainability line. The line is

the result of a equation derived in an unpublished paper by C.F. Newberry. The

equation is the result of a linear curve fit of data from 25 different aircraft. It

should be noted that there are limitations in the application of this equation.

First, none of the aircraft for which data was supplied are Navy aircraft. Navy

aircraft traditionally have different Mean Man Hours/Flight Hour (MMH/FH) rates

than other aircraft. Second, a general trend should not be assumed using 25

very different aircraft. These aircraft ranged from T-38's to 747's. Although the

validity of the maintainability line may be suspect, it should be investigated in

greater detail, using a larger database of aircraft similar to the aircraft being

designed. The current maintainability equation may be used in the constraint

analysis, but only as long as its impact is integrated in a reasonable fashion.

16



IIh. AEW CONFIGURATION

This chapter will discuss the initial conceptual design for the AEW aircraft.

A description of the aircraft will be provided along with the rationale behind

various design decisions. An initial weight & balance evaluation will also be

discussed. Finally, an analysis of the AEW aircraft with various carrier suitability

requirements will be performed.

A. AIRCRAFT DESCRIPTION

1. Introduction

The purpose of this section is to provide a brief description of the

external aircraft configuration, and to provide justification for some design

choices. Not all configuration characteristics of the aircraft will be discussed in

this section however. Aircraft characteristics directly related to aerodynamics

will be discussed in Chapter IV. These characteristics include planform

selection, airfoil selection, and high lift devices.

2. General

The AEW aircraft design is shown in Figure 6. The aircraft is designed

to hold a crew of four and will be powered by twin turbofan engines. Crew

seating will be arranged in a dual-tandem configuration. Large cockpit

windows will allow better visibility for carrier (CV) launch and recovery

operations. The rotodome antenna will be supported by the existing rotodome
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pylon. Also, in order to satisfy CV requirements, the rotodome retraction system

that was operational on early E-2's must be used. Twin vertical stabilizers will

be mid-mounted at either end of the horizontal stabilizer. A total fuel weight

estimate of 14000 pounds was based on fuel volume calculation procedures set

forth in Reference (8). It should be noted that this iteration of the aircraft design

includes no composite materials. Significant aircraft dimensions are presented

in Table 3.

3. Specific Component Description

a. Engines

Although a detailed study of the propulsion system was outside

the scope of this design effort, an initial analysis of the requirea engine

performance was made. In order to meet the mission requirements of high-

speed dash and long time loiter, it is clear that a high-bypass turbofan engine

with a low Thrust Specific Fuel Consumption (TSFC) is required. Assuming an

initial takeoff weight of approximately 55,000 lbs. and a T/W = 0.46, the thrust

per engine requirement is approximately 12,700 lbs. As shown in Reference

(9), the technology for such an engine already exists. Two operational engines

with characteristics similar to those required for the AEW aircraft, are presented

in Table 4. Further design iterations should include an investigation into the

feasibility of using an upgraded version of the General Electric (GE) TF34-GE-

400A engine in the AEW aircraft.
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TABLE 3. AEW AIRCRAFT DIMENSIONS

CHARACTERISTIC DIMENSION
Body Length 55 ft.

Body Diameter 8 ft.
Body Fineness Ratio (L/D) 6.875

Wing Span 72 ft.
Wing Area 639 ft2

Wing Loading (W/S) Approx. 85 lb/ft2
Wing Sweep (leading edge) 21 degrees

Wing Thickness Ratio (t/c) 0.12
Wing C mac 9.77 ft.

Wing Aspect Ratio 8.11
Wing Taper Ratio 0.29

Horizonal Tail Area 180 ft2

Horizonal Tail Sweep 14 degrees
Elevator Area 47 ft2

Vertical Tail Area 90 ft2

Vertical Tail Sweep 26.6 degrees upper, 36.9 degrees
lower

Rudder Area 60 ft2

Empennage t/c 0.10

TABLE 4. SIMILAR ENGINE CHARACTERISTICS

Engine Maker Type Thrust TSFC Pressure Dimen- Weight
(Ibs.) 1 Ratio 1 sions (lbs.)

(Dia.xL)
TF34-GE- General AFF 3  9,275 0.363 21 52in. x 1,478
400A 2 Electric 1 00in.
FJR-710-Nat. Aero. AFF 3  14,330 0.340 22 57.1in. x 2,160
/600S 4 Lab 92.5in.

Tokyo
Notes: 1- At Maximum Power

2- S-3A Aircraft
3- Axial Flow Fan
4- NAL/Kawasaki Aircraft
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The engines should be mounted closely to the wing for two

reasons. First, exhaust flow through the slotted trailing edge flaps will help

reattach the airflow over the wing, thereby increasing ULmax. Second, an

engine mounted closely underneath the wing is further from the ground, and

therefore less likely to ingest foreign objects. This would result in fewer engine

replacements and lower life cycle costs.

b. Vertical Tail

As previously mentioned, the empennage will include two vertical

stabilizers. The maximum height of the vertical stabilizers were modeled after

the E-2C in an effort to keep the tails from interfering with the look-down

capability of the rotodome antenna. Each vertical stabilizer will include a rudder

control surface. It should be noted that if future iterations mandate higher

vertical tails, maximum use of composites will be necessary to avoid antenna

interference.

c. Aircraft Entry

Aircraft ingress will be accomplished through a single door in the

fuselage. A walkway will allow movement between the door and the cockpits.

The major advantage of this configuration is flexibility. The walkway will allow

the crew to move freely throughout the aircraft to troubleshoot avionics systems,

switch seats, etc. Consideration may be given to a canopy system similar to that

currently operating in the EA-6B. The canopy arrangement was initially ruled

out in this study due to potential engineering difficulty, increased life cycle costs,

and lack of flexibility.
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d. Wing Fold System

The first wing fold will be at 15 feet from the aircraft centerline.

This will result in a maximum wing fold span of 30 feet. This wing fold span is

within the maximum requirement of 35 feet and will allow easy storage of

aircraft on the flight deck. The wings are intended to fold vertically up. At the

completion of this vertical fold, the wing tip will physically interfere with the

rotodome antenna. Therefore a second wing fold at 30 feet from the centerline

is required. Dashed lines denote the wing fold breaks in Figure 6. The

horizontal wing fold system which currently operates on the E-2C was ruled out

for two reasons. First, horizontally folded wings create a large sail area. When

the aircraft taxis perpendicular to the wind on the carrier deck, it tends to get

blown, resulting in lose of control. Second, it is clear from the geometry of this

AEW design that the wingtip of a horizontally-folded wing would not reach a

wing support on the horizonal tail tip.

e. Armament

The aircraft is designed to accommodate one wing station on each

wing at approximately 14 feet from the centerline. Each wing station should be

capable of carrying an air-to-air missile of 500 pounds. Although use of the

AIM-7 Sparrow missile was alluded to in the Proposed RFP, this is not

recommended. Use of the AIM-7 would require the aircraft to possess a high-

energy, target illumination capability. The new generation of "fire-and-forget"

air-to-air missiles such as AMRAAM and Have-Dash are much more suitable for
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the AEW aircraft. No target illumination is required for these missiles. Updated

target information is provided via data link.

f. Landing Gear

A landing gear analysis was performed based on procedures set

forth in Reference (2). The aircraft will use a standard tricycle system.

Longitudinal placement of the main gear was determined by an estimated

center of gravity location. Lateral placement of the main gear was determined

by a maximum overturn angle requirement of 54 degrees. The wheelbase will

be 26 feet long and the main wheel width will be 20 feet. The nose gear will

have a dual-wheel configuration. The nose gear will retract aft into the

fuselage. Each of the main landing gear will be a single-wheel configuration

and will also retract aft into the fuselage. Approximate tire dimensions are 25 in.

x 7 in. (diameter x width) for the nose and 45 in. x 17 in. for the main. These

dimensions are approximately 25% greater than the statistical equation

proposed by Reference (2). This dimensional increase is to account for the

harsh landing environment of the aircraft carrier. The 25% dimension increase

corresponds well with the tire sizes of current carrier aircraft.

g. Escape System

The Proposed RFP requires the installation of an all-crew ejection

system in the AEW aircraft. This requirement has resulted in many difficulties in

the design of the escape system. These difficulties are obviously the result of

the rotodome. An approximate trajectory of the aircrew on ejection is shown in

Figure 7 for three flight conditions. An ejection trajectory computer program was
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written in MATLAB and is included as Appendix C. The parabolic

approximation is based on an ejection analysis presented in Reference (10).

The identical pair of trajectories represent the front seat and back seat ejections.

The diamond figure represents the location of the rotodome antenna.

It is obvious from the Figure 7 that the ejection system will result in

aircrew impact with the rotodome. A bottom or sideways ejection would require

development of a new ejection system, and obviously could not provide a 0/0

ejection capability. After an examination of various aircrew and rotodome

placements, it became apparent that with today's technology, there are no safe

ejection alternatives with the rotodome installed.

Ejection of the rotodome prior to crew ejection also has significant

problems. The rotodome antenna alone (not including the supporting pylon

and shaft) weighs 2350 pounds. In order to get the crew out of the aircraft

quickly, the rotodome would have to be ejected with a typical acceleration of

approximately 12g's. This would require a series of rockets that would have to

generate a combined force of over 28000 pounds. These rockets would most

likely have to be very large in order to provide such a force. It is unlikely that the

rockets would fit into a supporting pylon that is only approximately one foot

wide.

Additionally, it is obvious that the rockets would have to be directly

attached to the rotodome. This means they would rotate with the rotodome.

This means there would be no way to direct the trajectory of the rotodome,

because it must be ejectable at any time during the rotation. Therefore, the
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rockets would have to be of equal propulsive force. During certain flight

conditions, including a 0/0 ejection, the crew would still be in danger of ejecting

into the rotodome.
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Figure 7. Aircrew Ejection Trajectory

Ejecting the entire rotodome structure would eliminate the

controlled trajectory problem, but would generate other problems. Now the

rockets would have to generate a combined force of over 38000 pounds. The

rockets under the forward supports would most likely ignite the fuel in the fuel
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cells directly below. The resulting explosion would jeopardize the lives of the

aircrew during ejection.

Two final points are worth mentioning. First, the new technology

and the resulting developmental costs of ejecting a rotodome will likely be

enormous. Second, any further investigation into rotodome ejection should

necessarily include an examination of how the pitching moments about the

center of gravity are affected.

B. WEIGHTS, CENTER OF GRAVITY, AND MOMENTS OF

INERTIA

1. Weights

An evaluation of the AEW aircraft weight was performed using the

individual component equations given in References (1) and (8). A computer

program was written on MATLAB using the applicable equations. Many of the

equations represented individual weight components as a function of takeoff

weight. Since the determination of the takeoff weight was the ultimate objective,

the program uses a secant method iteration procedure to find the takeoff weight.

The weight program is included as Appendix D. In order to assure the accuracy

of the program, a weight analysis on the E-2C was performed. It was found that

the program prediction came within 300 pounds of the actual E-2C weight. The

program was then used to analyze the weight of the AEW aircraft. The

predicted weight was found to be approximately 53000 pounds which is

comparable to the E-2C weight and well within the maximum requirement of
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60000 pounds. The aircraft possesses a 7000 pound weight growth potential

for future avionics upgrades.

2. Center of Gravity and Moment of Inertia

Component weights calculated from the weight program were used to

approximate the aircraft's Center of Gravity (CG) and Moment of Inertia.

Component CG locations were approximated based on procedures set forth in

References (1), (2), and (8). Component Moment of Inertia values were

calculated in accordance with procedures set forth in References (2). The

component characteristics were used to calculate aircraft CG and Moment of

Inertia values. All calculations were performed on a computer program written

on EXCEL. The computer program was acquired from Reference (11). The

computer program and the results of this program are included as Appendix E.

An initial approximate CG location is 32.4 feet aft from 5 forward of the nose

(approximately 48.6% MAC), and 10.9 feet up from 5 feet below the fuselage.

More detailed CG and Moment of Inertia calculations will obviously be

necessary with future iterations of the design.

C. CARRIER SUITABILITY REQUIREMENTS

Carrier suitability dimensional requirements and the significant AEW

aircraft dimensions are shown in Table 5.
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TABLE 5. CARRIER SUITABILITY DIMENSIONAL COMPARISON

DIMENSION REQUIREMENT AEW AIRCRAFT
Max. Gross Weight 60000 lbs. 53000 lbs.

Max. Wing Span 82 ft. 72 ft.
Max. Height 18.5 ft. 18.5 ft. (rotodome

retracted)

Max. Main Gear Width 22 ft. 20 ft.
Min. Tipback Angle 15 deg. 20 deg.
Max. Tipover Angle 54 deg. 52.5 deg.

Elevator Size Restriction 52 X 85 ft. 55 X 30 ft.
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IV. AERODYNAMICS

In order to get maximum effectiveness from an airframe and its propulsion

system, a thorough examination of the aircraft's aerodynamic characteristics

during the design process is mandatory. This chapter will examine the design

decisions involved in selecting the AEW aircraft's airfoil and wing planform.

Additionally, the aircraft's lift curve slope and high lift devices will be discussed.

Finally, an analysis of the aircraft's drag characteristics will be presented.

A. AIRFOIL SELECTION

Because of the Proposed RFP requirements, the AEW aircraft will be

expected to operate under a variety of flight conditions. It must be able to cruise

at high subsonic speeds, loiter for long periods of time, and possess carrier-

suitable, slow flight characteristics. In order to meet these requirements, the

wing's airfoil must possess several seemingly contradictory characteristics.

The airfoil should have a relatively high thickness ratio in order to increase

CUmax, increase benefit from high lift devices, decrease weight, and increase

wing fuel storage capacity. If the wing is too thick however, the drag divergent

Mach number (Mdd) will be too low to satisfy the high speed dash requirement.

An increase in Mdd could be accomplished through an increase in wing sweep,

but this generates additional problems which will be discussed in the next

section. The airfoil must also have a high Clmax for the loiter and landing
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phases of flight. Most high speed airfoils however, are not known for their high

Clmax values. Finally, the airfoil's thickness distribution should be investigated

in terms of its skin friction drag characteristics. As Reference (12) notes, a

maximum thickness that is close to the trailing edge results in a more favorable

pressure gradient on the forward portion of the airfoil. This helps create more

laminar flow which results in reduced skin friction drag. It should be noted

however, that an aft maximum thickness can cause poor pressure recovery

characteristics at high angles-of-attack.

Based on the above requirements, it became clear that a supercritical

airfoil was necessary. A supercritical airfoil is characterized by a relatively flat

upper surface, and a maximum thickness located near the trailing edge. It also

has a relatively blunt leading edge, and it is cambered at the aft portion of the

airfoil. Reference (13) notes that for a given thickness ratio, the supercritical

airfoil has a higher Mdd than conventional airfoils. This allows a thicker wing

and less wing sweep. Additionally, the supercritical airfoil has a much higher

Clmax than a comparable conventional airfoil. Finally, the thickness distribution

and the trailing edge upper and lower surface tangency results in a more

favorable pressure gradient. The aft maximum thickness of the supercritical

airfoil does not result in pressure recovery problems, because the camber is

accomplished primarily by the lower surface. This allows the upper surface to

remain relatively flat.

It should be pointed out that use of a supercritical airfoil will not be without

its difficulties. First, the very thin trailing edge could prove to be a structural and
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manufacturing problem. Second, although the original supercritical airfoil was

designed in 1965, development and testing of an entire family of supercritical

airfoils has been relatively recent. Because supercritical airfoils are relatively

new technology, development costs may be high. Finally, the aft camber of the

airfoil will result in large negative pitching moments. Despite the potential

difficulties however, the supercritical airfoil shows the most promise in terms of

satisfying the requirements of the Proposed RFP.

Initially it was hoped that an airfoil with a thickness ratio of 0.14 could be

used for on the aircraft. Even with some compromise in the wing sweep, it soon

became evident that a lower thickness ratio would be necessary in order to

reach an acceptable Mdd. Experimental data presented in Reference (14)

shows that at a thickness ratio of 0.12 and a design Cl of 0.7, the airfoil Mdd is

approximately 0.76. A moderate wing sweep should permit reasonably low

drag characteristics at the design cruise Mach number of 0.78.

After an evaluation of the family of NASA supercritical airfoils, it became

clear that the best airfoil for the required mission was the NASA SC(2)-0712.

This airfoil is shown in Figure 8. The airfoil's coordinates are reproduced from

Reference (14), and is included as Appendix F. An explanation of the NASA

supercritical airfoil designation system is presented below.

SC(2) 071

Supercritical phase 2. Design lift Thickness
There are currently 3 coefficient Ratio
phases of airfoil designs. (tenths) (hundredths)
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One of the biggest difficulties in selecting an airfoil was in obtaining the

specific airfoil characteristics. Because of the relatively new technology, there is

no compiled source of information for supercritical airfoils (such as Reference

(15) for conventional airfoils). The three sources that provided most of the

information on the airfoil were References (14), (16) and (17) Airfoil

characteristics are presented in Table 6.
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Figure 8. NASA SC(2)-0712 Airfoil

TABLE 6. NASA SC(2)-0712 CHARACTERISTICS
Cl 0 Clmax CXmax Cm0

-4.37 deg. 0.08557/deg. 2.0 19 ldeg. j -0.14
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B. PLANFORM DESIGN

Given the target cruise Mach number of 0.78 and the relatively thick airfoil,

it was clear a planform with significant wing sweep would be required. Too

much wing sweep however, generated numerous problems including a

decrease in CLmrax and CL-, increased wing weight and decreased wing fuel

volume. Selection of the previously mentioned airfoil was made only after it

was determined that a relatively high Mdd could be attained with a modest wing

sweep.

Figures 9 and 10 show the results of trade studies conducted to graphically

illustrate the parameters involved in planform design and airfoil selection.

Figure 9 shows Mdd as a function of thickness ratio with varying sweep. Figure

10 shows how thickness ratio and wing sweep affect wing weight. The results

of these parametric studies were used to select the optimum planform design

and airfoil thickness. With an airfoil thickness ratio of 0.12, a leading edge wing

sweep of 21 degrees is the optimum choice considering all the parameters

involved. This results in a wing Mdd of 0.81.

With the leading edge wing sweep selected, the focus of attention was then

directed to the trailing edge sweep. A trailing edge sweep of 6.5 degrees was

selected for a first iteration. The relatively small sweep will insure efficient use

of flaps and aileron control surfaces. The flatter trailing edge sweep also allows

an increase in wing area and wing fuel volume. With a wingtip chord length of

four feet selected as a first iteration, and the above planform characteristics, a

wing area of 639 ft2 was calculated.

33



0.95-

A-25.

Thck~nen R~ao (tic)

Figure 9. Wing Mdd With Varying Wing Geometry

1400

1300

1200

700 A--4

4 6 8 to 12 14 16 1

Thicknem Rodo (tic)

Figure 10. Wing Weight With Varying Geometry

34



Another consideration in the planform design was aspect ratio. It was clear

that in order to satisfy aggressive loiter requirements, a high aspect ratio would

be necessary. For a given wing area, this would mean a larger wing span. Too

large a wing span causes two problems however. First, it would result in line-up

difficulties during carrier landings. Second, the large wing span would result in

signal interference with the rotodome antenna, degrading radar performance.

The selected wing span of 72 feet results in a aspect ratio of 8.11. The resulting

maximum L/D ratio is 16.

C. LIFT CURVE SLOPE

With the selection of the wing planform design, a calculation of the wing's

lift curve slope was then possible. Calculations were done in accordance with

the procedures set forth in References (1), (2) and (18). The lift curve slopes for

three flap settings are shown in Figure 11.

D. HIGH LIFT DEVICES

In order to make landing speeds slow enough to meet the Proposed RFP

carrier suitability requirements, a CLmax of approximately 3.0 is required. To

accomplish this, double slotted flaps are necessary. In accordance with the

procedures set forth in Reference (2), ACLmax and Aco values were calculated.

A maximum A CLmax was calculated to be 0.98.

Two design characteristics that will help increase CLmax with the flaps

down should be mentioned. First, engines should be situated on the wing so

35



that engine exhaust will flow through the slotted flaps. Second, use of a aileron

droop system with the flaps will help increase the CLmax of the entire wing.
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Figure 11. AEW Lift Curve Slope

E. PARASITIC DRAG CALCULATION

Parasitic drag (CDo) calculations were performed in accordance with

procedures set forth in Reference (18). A CDo computer program was written in

MATLAB and is presented in Appendix G. A CD0 of approximately 0.0205 was
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computed by the program. This CDo value will be used to calculate a drag polar

for the AEW Aircraft.

F. DRAG POLAR

The AEW drag polar was computed assuming CD as a parabolic function

of CL. A first iteration efficiency factor of 0.8 was assumed. Also, the previously

determined aspect ratio of 8.11 and CDo of 0.0205 were used in the equation.

A drag polar for the AEW aircraft in the clean configuration is shown in Figure

12.
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Figure 12. AEW Drag Polar
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V. PERFORMANCE

This chapter will present the results of a preliminary performance analysis

conducted for the AEW aircraft. This analysis was primarily performed using a

computer program written in MATLAB. The program is presented in Appendix

H, and also includes some aerodynamic calculations such as Coefficient of

Drag (CD) and Lift-to-Drag ratio (L/D). A Takeoff and Landing computer

program is also included in Appendix H. Performance calculations were done in

accordance with References (1) and (19). The equations in the programs are

denoted with the equation number from the appropriate Reference. For all

performance characteristics, it has been assumed standard day unless

otherwise noted. Additionally, all results were generated for the clean

configuration, with the obvious exceptions being the takeoff and landing phases

of flight.

A. Takeoff and Landing

Because of the angle between the aft landing gear, the vertical stabilizers

and the ground (see Figure 6), it is necessary to limit aircraft rotation to no more

than 18 degrees. This angle of rotation is sufficient however, because the

typical rotation on takeoff is approximately 10 degrees. References (1), (2) and

(19) provided schematics and distance equations necessary for takeoff and

landing. Takeoff and landing schematics are shown in Figures 13 and 14, and
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are reproduced from Reference (1). Takeoff and landing distances are shown

in Tables 7 and 8.

• R .VCL

TO-T 50'

SG - L*SRj4 0-STR--o '*SCL*]P'

Figure 13. Takeoff Schematic [Ref. 1]

TABLE 7. TAKEOFF DISTANCES

Takeoff Distances Standard Day Hot Day (90"F)
SG (ft) 1390 1378
SR (ft) 555 555

STRvto5(ft) 888 888

STO total (ft) 2833 2821
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Figure 14. Landing Schematic [Ref. 1]

TABLE 8. LANDING DISTANCES

Landing Distances Standard Day Hot Day (90&F)
SA to 50"(ft) 1354 1350

SFR (ft) 155 165

SB (ft) 1982 2317
SL total (ft) 3491 3832

B. Thrust Required

The thrust required for the AEW aircraft at three altitudes between sea level

and 35,000 feet are shown in Figure 15. The calculated thrust required curves

were used to generate other performance characteristics such as power

required and rate of climb.
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Figure 15. AEW Thrust Required

C. Power Required and Power Available

AEW Power Required and Power Available Curves at sea level, 15000 ft,

and 35000 ft are shown in Figures 16, 17 and 18. Note that two power

available lines are shown on each graph. The solid line represents the power

available predicted by simple theory. The dashed line is a result of the

ONX/OFFX computer program obtained from Reference (7), and is thought to

represent a more realistic power available curve. It is clear that the two

theoretical predictions agree only until approximately M=0.4. With increase in

speed, the difference between simple theory and ONX/OFFX becomes quite

41



significant. This is important because power available directly relates to excess

power which in turn is instrumental in defining other performance characteristics

such as rate of climb and maximum Mach number in level flight. Note also that

the power required due to drag divergence is not included in this analysis.
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Figure 16. Power Available and Power Required at Sea Level
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D. Climb Performance

AEW Rate of Climb at sea level and 15000 feet is shown in Figure 19. Rate

of Climb plots were generated at various altitudes until a service ceiling (rate of

climb < 100 fpm) was found. A plot of the climb rates vs. altitude is presented in

Figure 20. It was determined the AEW aircraft will have a service ceiling of

approximately 38260 ft. Although a service ceiling was not specified in the

Proposed RFP, this ceiling is sufficient to perform the AEW mission. It is

approximately 1660 feet higher than the service ceiling of the E-2C. Also note

that the AEW aircraft has an absolute ceiling of 38600 feet.
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Figure 19. AEW Climb Performance at Sea Level and 15000 Feet
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Figure 20. Absolute and Service Ceiling Determination

E. Range and Endurance

Range and Endurance predictions are shown in Figures 21 and 22

respectively. Both predictions are made using the Breguet equations obtained

from Reference (19). The Range and Endurance plots are shown with variation

in velocity at 35000 ft.
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F. ACCURACY OF PERFORMANCE ANALYSIS

As with any analysis, it is important to examine the rasults of the

performance analysis based on past experience and on historical trends of

similar aircraft. In other words, "Are the results of this analysis reasonable?"

Based on historical trends of aircraft performance, it is clear that the climb

performance (Figure 19) is far too optimistic. Based on the described design of

the AEW aircraft, it is very unlikely that it would be capable of climbing at nearly

12000 fpm at sea level. One possible explanation for this performance is too

large a TiW ratio. It is unlikely however, that this is a significant part of the

problem. According to this analysis, even if the AEW aircraft's TiW ratio was half

the current ratio of 0.46, the aircraft would still climb at sea level at 6000 fpm.

This is clearly unreasonable. Two other possible explanations of the optimistic

climb performance are immediately apparent. First, the predicted CDo of may

be far too optimistic. The CDo analysis does not account for interference drag.

As a result, the actual CDo is usually higher than the predicted value. This

difference might be significant on the AEW aircraft which probably has

substantial interference drag. It should be noted that the CDo of the E-2C is

0.0375 which is far higher than the predicted AEW CDo of 0.0205. Second, the

actual lifting efficiency may be lower than the preliminary estimation. A more

accurate analysis of the aircraft's aerodynamic characteristics will be possible

only after Computational Fluid Dynamics (CFD) analyses, or wind tunnel tests

are performed.
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The results of the Range and Endurance analyses (Figure 21 and 22) are

also unreasonably optimistic. Because both the fuel capacity (14000 lbs.) and

the TSFC (0.33) are reasonable, it is likely that the aforementioned

explanations would account for the unrealistic range and endurance results.
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VI. STABILITY AND CONTROL

In order to understand what the handling qualities of the AEW aircraft might

be, a stability and control analysis of the aircraft is necessary. The purpose of

this chapter is to provide a conceptual analysis of the stability and control

characteristics of the aircraft. It is important to note that this analysis is a very

rough approximation. Some of the parameters are the result of design

approximations presented in previous chapters. Other parameters are

impossible to predict accurately without the use of wind tunnel testing. In these

cases, the value of the parameter was selected based on similar existing aircraft

and past experience.

The analysis was performed at three mission-relatable flight conditions.

The flight conditions are: 1) M= 0.2 at sea level, 2) M = 0.48 at 35000 feet and 3)

M = 0.76 at 35000 feet.

A. STABILITY AND CONTROL DERIVATIVES

The stability and control derivative analysis was performed in accordance

with References (8), (18) and (20). A stability and control computer program

was written in MATLAB and is included as Appendix I. The analysis assumes

no aeroelastic effects of the aircraft. All derivatives have the units of rad-1.

Finally, any effects of thrust have been neglected in this analysis. The stability
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and control derivatives for the AEW aircraft are show,- in Table 9, along with an

E-2C comparison at M=0.4 and 30000 feet.

B. DYNAMIC ANALYSIS

The dynamic analysis was performed in accordance with Reference (20).

A dynamic modes computer program was written in MATLAB and is included as

Appendix J. The analysis assumes small perturbation, linear theory. Results for

the Short Period and Phugoid (or Long Period) modes are approximated to

second-order systems. Any effects of thrust have been neglected in this

analysis. The dynamic modes for the AEW aircraft are shown in Table 10.

The short period natural frequency (Wn) and damping ratio (Z) are

approximated in Reference (20) as:

Wn=V((Zj*Mq)/Uo)-M., ) (1)

Z=-(Mq+M(- dot)+Z-/uo)/(2"Wn) (2)

A representative example of the dynamic modes is graphically presented in

Figure 23. The figure shows the short period mode at the three flight

conditions. All three primary modes have similar characteristics. They are all

relatively lightly damped with very long periods and small amplitudes.
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TABLE 9. AEW STABILITY AND CONTROL DERIVATIVES

DERIVATIVE M=0.2 at M=0.48 at M=0.76 at E-2C
S.L. 35K 35K Comparison

CU. 4.8220 5.1700 6.2500 6.970
Cm,. -1.1814 -1.2666 -1.5312 -0.450

CL(, dot) 1.1172 1.2475 1.6497 6.160
Cm(. dot) -2.3556 -2.6304 -3.4785 -8.300

Ciq 5.8328 6.6205 9.1761 11.43
Cmq -7.8521 -8.7682 -11.5949 -21.27
CIO -0.1279 -0,1307 -0.1273 -0.0915
CnI' 0.0576 0.0571 0.0560 0.0763
CyI3 -0.5877 -0.5877 -0.5877 -0.9680

CI(B dot) -0.4781 0.0553 0.7729 Not Avail.
(1.0e-03*)
Cn(t3 dot) -0.0025 0M0002 0.0020 0.0220
Cy(13 dot) -0.0065 0.0005 0.0056 -.0601

CIp -2.4765 -2.5993 -2,8140 -0.4200
Cnp 0.1319 0.0764 0.0291 -0.0732
Cyp 0.0023 -0.0235 -0.0406 0.1119
CIr 0.4717 0.3620 0.2667 0.2580
Cnr -0.0855 -0.0848 -0.0833 -0.1236
Cyr 0.2470 0.2459 0.2437 0.3180

Cl 6a 0.5429 0.5361 0.5226 0.0697
Cn a -0.0775 -0.0447 -0.0174 -0.00593
Cy 6a 0 0 0 Not Avail.
CIble 0.2968 0.3314 0.4383 0.644

Cmae -0.6258 -0.6988 -0.9241 -1.670
CIb r -0.0024 0.0267 0.0609 -0.0381
Cn 6r -0.2509 -0.2789 -0.3655 -0.2202
Cy r 0.7426 0.8292 1.0965 0.5760
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TABLE 10. AEW DYNAMIC CHARACTERISTICS

DYNAMIC MODE M=0.2 at S.L. M=0.48 at 35K M=0.76 at 35K
Short Period

-Roots -0.0177± -0.0061± -0.0078±
0.0521i 0.0304i 0.0334i

-Wnl 0.0550 0.0310 0.0342
-Z2 0.3221 0.1950 0.2273
-Wd 3  0.521 0.0304 0.0334
-Period (sec) 121 206 188

Long Period
-Roots -0.0004± 1.0e-03 * 1 .Oe-03

0.0039i -0.0314+ -0.0111±
0.7165i 0.2859i

-Wn, 0.0040 0.0007 0.0003
-Z2 0.0930 0.0438 0.0389
-Wd3  0.0039 0.0007 0.0003
-Period (sec) 1595 8770 2198

Dutch Roll

-Roots -0.0162± -0.0062± -0.0064±
0.1554i 0.0890i 0.0901i

-Wnl 0.1562 0.0892 0.0903

-Z2 0.1035 0.0698 0.0704

-Wd 3  0.1554 0.0890 0.0901
-Period (sec) 40 71 70

Roll Response

-Root -1.7652 -0.5727 -0.6194
Spiral Mode

-Root 0.0004 0 0
Notes: 1-Natural Frequency

2-Damping Ratio
3-Damped Frequency
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Figure 23. Short Period Response

C. ACCURACY OF STABILITY AND CONTROL ANALYSIS

One of the advantages of the dynamic analysis is that the final results (i.e.,

damping frequency and period) are directly relatable, and easily

understandable, handling characteristics. The accuracy of these characteristics

can be qualitatively evaluated based on historical trends and past experience.

The accuracy of the dynamic characteristics are directly related to the accuracy

of the stability and control derivatives, because the derivatives are used in the

dynamic analysis.

The results of the dynamic analysis are clearly unreasonable. The most

obvious discrepancy is in the periods of the three primary dynamic modes (short

period, long period, and dutch roll). Short period and dutch roll periods for an

aircraft of this kind typically range from 2 to 8 seconds. Obviously, values
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ranging between 40 and 206 seconds are unreasonably larae. The long period

values between 1595 and 8770 seconds are also unreasonably large. Long

period values for an aircraft of this kind are typically about 120 seconds. Also

note the very lightly damped frequencies of all three primary dynamic modes. It

is unreasonable that these modes would be so lightly damped, and is

inconsistent with historical trends.

Many of the stability and control derivatives appear unreasonable as

compared with the E-2C. The most unrealistic AEW derivatives include Cm,

CL(_ dot), Cm(- dot), Cmq, and Cip. This would naturally cause unreasonable

dynamic results. The short period approximation equations are shown on

page 50. Since Cm- and Cmq are inaccurate, this will result in an unrealistic

natural frequency. Also, since Cm(,. dot) and natural frequency are inaccurate.

this causes an unrealistic damping ratio. Poor initial assumptions are the most

likely cause of the unrealistic derivatives. Some inputs were impossible to

accurately predict within the scope of this research. Such inputs include the

downwash gradient at the horizontal tail, Cmo, and the moments of inertia. One

primary conclusion can be drawn from this analysis. Although the method for

attaining stability and control derivatives in Reference (18) is extremely

detailed, truly accurate stability and control derivatives can only be acquired

from wind tunnel tests on a scaled model. Because most of the unrealistic

derivatives are longitudinally related, any follow-on research should include a

thorough re-examination of the longitudinal analysis.
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VII. CONCLUSIONS

A. ACCURACY

Because this thesis presents the results of a conceptual design, the

aircraft's characteristics are by their very nature, a first iteration only. Future

studies of the AEW aircraft must necessarily include wind tunnel tests of a

scaled model. Reasonably accurate values of many of the aircraft's parameters

can only be obtained through wind tunnel tests.

One of the genuine benefits of this research was the many computer

programs that were generated. As the design process for this (or any other)

aircraft continues, these programs can be used to obtain more accurate results

through the input of more accurate parameters.

B. EXISTING ROTODOME/AVIONICS

Before the design of this aircraft proceeds beyond the preliminary design

stage, consideration must be given to the use of new airborne detection

technologies. Based on historical trends, it is likely that the integration of the

E-2C's detection system into a new airframe will be difficult. The result would

be an increase in both developmental and life cycle costs. Although new

detection technologies such as a phased-array radar may be costly to develop,

the benefits and the life cycle costs must be investigated.
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C. SUPERCRITICAL AIRFOIL

Use of supercritical airfoils on aircraft is a relatively new technology that

should be explored further. The airfoil appears to be ideally suited for aircraft

that must operate in the transonic regime, and display aggressive endurance

characteristics.

D. POSSIBLE PROBLEM AREAS

1. Escape System

Within the scope of this design effort, no satisfactory ejection system

could be determined. The obvious hinderance to a viable ejection system is

use of the existing rotodome antenna. Difficulties in developing a viable

ejection system will most likely occur, regardless of the system, as long as a

conventional rotodome antenna is used. A conventional early warning phased-

array radar system for example, would be approximately the same size as the

current antenna. The difficulties in ejection therefore, would be similar. Ejection

of the aircrew would be much more successful with an antenna that is not in the

form of a rotodome but within the wings and body of the aircraft. This would

necessitate the use of a phased-array radar system, and therefore, would be

costlier to develop. Before a formal AEW RFP is developed, a clear decision

will have to be made on the aircrew escape system issue, and the resulting

impact on the radar system.
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2. Divergent Drag Mach Number (Mdd)

Although the wing Mdd of 0.81 is high enough to operate in the required

regime, future studies should include an analysis of the drag penalties of other

aircraft parts in this transonic range. Emphasis should be placed on the

fuselage and the rotodome antenna. The relatively wide fuselage and blunt

nose may cause significant drag penalties at the target high-speed dash Mach

number of 0.78. With a thickness ratio of 0.3, the rotodome antenna is also

likely to have a Mdd far below the required operating range. It may, of course,

require transonic wind tunnel tests to verify how significant these drag penalties

are.

3. Horizontal Tail Effectiveness

It can be seen from Figure 6, that the horizontal tail is directly behind

the wing and rotodome support pylon. The aerodynamic disturbance created

by the wing and pylon could result in the loss of horizontal tail effectiveness

under some flight conditions. This can only be verified however with wind

tunnel tests of a scaled model, or by a CFD analysis.

4. Wingfold System

Another area of difficulty could be in the wingfold system. Because a

double-wingfold system is new technology, developmental costs may be high.

The double-wingfold will be an engineering challenge to both the structures

and the flight control design teams. It should be pointed out that if an aircraft

design employs a phased-array radar system with a non-conventional antenna
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such as the one previously mentioned. the need for a double-wingfold system

might be eliminated.

E. RECOMMENDATIONS

Within the scope of this research, the design of an AEW aircraft using the

existing rotodome and avionics should be abandoned. Use of the rotodome will

negatively affect the aircraft's normal and emergency operations. Considering

all factors involved, it is unlikely there will be substantial savings using the

existing rotodome and avionics.

Future aircraft designs should include integration of a phased-array radar

system. This system offers the flexibility needed for an aircraft required to

possess ejection and wingfold systems. Reference (21) provides an example of

such a design. The aircraft, called the Boeing EX, is shown in Figure 24. A

comparative analysis of the Boeing EX and the AEW aircraft is provided in

Table 11. It is clear from the Figure 24, that the phased-array radar system

allows for more flexibility in the design process, and eliminates the

aforementioned ejection and wingfold problems.
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Figure 24. Boeing EX [Ref. 21]

TABLE 11. AIRCRAFT COMPARISON
CHARACTERISTIC BOEING EX AEW AIRCRAFT

Overall Length 51.2 ft. 55.0 ft.
Wing Span 63.3 ft. 72.0 ft.
Wing Area 845 sq.ft. 639 sq. ft.

Design Mach 0.76 0.78
Takeoff Weight 55200 lbs. 53000 lbs

T/W 0.34 0.46
Antenna Mounted in Wings Existing Rotodome

Ejection Capability Yes No
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In conclusion, it must again be emphasized that this analysis was the first

iteration on a conceptual design only. Therefore, the scope of the research was

limited. A more complete analysis is only possible after an entire design team

is assembled.
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APPENDIX A

AEW AIRCRAFT DESIGH
11AVAL POSTGRADUATE SCHlOOL

PROJECT OBJEcTIVES

The object of this design study is to perform the necessary tradro
studies required to define tile most cost effective, low rislV
airframe configuration capable of meeting future airborne r'aely
warning (AEW) requirements in the 21st century. The mission is i
deck-launched high speed dash, low speed loiter at 20,000 to 35,Of0
feet altitude and retturn. The goal is to select the qreatest hiqh
speed dash Mach number consistent with the maximum range and loiterf
requirements that will provide a carrier suitable aircraft. T'hn,
aircraft will have ejection capability provisions for all memborn
of tile four to six member aircrew. A fanjet (no turboprops) power-
plant will provide aircraft proptilsion. The EX configuration mimi
exhibit low initial purchase cost and low life-cycle cost.
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MISSION DrEFTIITTOl

DECK LAUHCJIED SURVEILLAUCE: The total mission cycle time (quiadrupin
cycle) is desired to be at least 7 hours 10 minutes (with one re-
fueling) plus reserves with a minimum acceptable cycle time (triple
cycle) of 5 hours 45 minutes (no refueling) plus reservps.

I. For taxi, warmup, takeoff and acceleration to M-=0.3; ftil
allowance at sea level static thrust Is equal to
minutes at Intermediate thrust (no afterburner).

2. Acceleration: Maximum power acceleratlon from 11-f.I te
best rate of climb speed at sea level.

1. Climb: Best rate of climb to optimum cruise altitiiud fnr
design cruise Mach number.

4. Cruise: Cruise-out (high speed dash at M1=0.7-0.S) at-
design Mach number at optimum cruise altitude.

5. Turn: 3g sustained desired, 2g sustained minimum at the
weight corresponding to the end of cruise-out.

6. Loiter: Conduct surveillance at maximum endurance f] Ilqht
condition for minimum of 4 hours 30 minutes (200 ,im
station, no refueling).

7. Descent: Descend to best return cruise altitude (no1 time,
distance or fuel used allowances).

8. Cruise-back at optimum altitude and best cruise iatch
number.

9. Descent: Descend to sea level (no time, distance nr fuel
used allowances).

10. Land.

11. Reserves: Fuel allowance equal to 20 minutes Initer at
sea level at speed for maximum endurance p|iu 9% nf
initial total fuel.
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DESIG1l CRITERIA

WEIGIT: The maximum takeoff gross weight will be 60,000 l]h.

CREW: The aircraft will have an aircrew of from fouir to
six members, Including a single pilot. A .eiglht
allowance of 210 ]bf Is required for crew memherr-
and his/her equipment.

AVIO1ICS: Design an optimal configuration of flat phnel dis-
plays for tactical cockpit operation. flomina! dis-
play sizes for consideration are 6x8, SxO, 1lx]3,
3x5, 6x6 and 4x4. Determine any other feasible
sizes. Architecture for the operation of the dis-
plays should not be of concern. Recommend (trade
study result) the best possible combination of
displays based on the need for the pilot to control
the aircraft during takeoff, landing and on-station
flight; consider also the best display combinations
based on viewing and interactions with tactical
displays.

Data/graphics displayed on a panel of any givenl
size should be Interchangeable with any other panel
of the same size. Consideration must be given to
supportability (e.g. availability of display sizes
in other aircraft communities) and to minimizing
clutter. Recommend screen formats for the transfer
of as many discrete functions and indicators as
possible to flat panel displays. Use the existing
24 foot rotodome.

SELF DEFENSE: Presume that a future missile would be the size of
a compressed carriage AIM-7 Sparrow and would weigh
500 lbf. Two missiles are required. A chaff and
flare launcher is required. Provide two wet witlq
stat ions.

LOAD FACTOR: 3g sustained Is desired; 2g sustained minimum at
the weight corresponding to the end of cruise-out.

CARRIER
sUIrABILITY: Compatibility with CVII-60 carriers and subsetiquent

implies the following criteria:

1. tK-7 mod 3 arresting gear.
2. C13-1 catapults.
3. 130,000 lbf maximum elevator capacity (aircraft

plus loading plus GFE).
4. 05x52 foot elevator dimensions.
5. 57 feet 8 inches minimum station "o" to Jill)

hinge for MK-7 JBD locations.
6. 18 feet 9 inches minimum from tailpipe to .J1)

hinge.
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7. Maximum. unfolded span of 82 feet.
8. 22 foot maximum landing gear width.
9. 25 foot maximum hanger deck height except

under VAST stations In the forward part of the
hanger where the clearance is 17 feet 6
inches. The maximum folded height of the
aircraft should not exceed 18.5 feet.

LJAUJINCII: Launch wind-over-deck (WOD) sh6uld not exceed zern
knots operational. Operational is minimdm plus 15
knots. Assume a 5 knot Improvement on the C11-1
catapult.

ARREST: Arresting WOD should not exceed zero knots. Assume
a 5 knot improvement on the MK-7 mod 3 arresting
gear. Approach speed for WOD calculations Is 1.05
times V approved.

WAVE-OFF: For multi-engine aircraft, a minimum wave-off rat-e
of climb of 500 feet per minute, with one oerqine
inoperative, shall be available.

POWER PLANT: Fan jets (perhaps, upgraded TF-34 engines) . tG
TURBOPROPS.

COCKPIT: lligh visibility cockpit is required for pattern
work at ship.

TN-FLIGHIT
REFUELING: The aircraft must have an in-flight refuel tnI

capability.

STRUCTURE: The airframe structure must accommodate BITRST.

SELF-DEFENSE
CAPABILITY: The EX aircraft must have a self-defense capability

[derived from complete (survivability, vtilner-
ability and susceptibility) studies].

GROWTH: The structure must be capable of considerable
weight growth beyond the initial production
configuration (at least 4,000 lbl).

COST: Low purchase cost and low life-cycle cost is higqhly
desirable. Assume a total buy of 50 aircraft.

GENERAL: Attention shall be given to quality, maintain-
ability, manufacturability and concurrent
engineering issues.
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APPENDIX B
XThis Is a constraint analyJsis program which In designed to plot various flight
2condit Ions as a function of thrust-to-weight ratio (Tslftwo) anti wing loading
10ito/S).This program Incorporates different cases which corresponds to
XIdfferent flight con~ditions. Each case will be seperated with a dashed line.
Xthis program Is based on the material covered In chapter 2 of Mlattingly's (et
Xal) aircraft engine design book. R11 equations are from Mlattingly unless
XspeciflcaiiU stated otherwise.
I --------------------------------------------------------------------------
XTal/Uto will henceforth be known as TU. Uto/S will be known as US.
XOperat lye equation.
ZTU/USu(8/a)*((q*S/(B*U))*(Kl*(n*5*U/(q*S))^'2+K2*(n*O*U/(q*S)),C~o.R/(q*g)),t/U*d

XR parabolic drag polar Is assumed. Therefore K2-0 throughout.
X -----------------------------------------------------------------------
XCase flConetant Alt./Speed Cruise. High Speed Dash@ flO-.78 It h-30K ft.
ldh/dt-dU/dt-0. Constant altitude L no acceierat ion.
nI-I;Inormol g loading
R*-OilRdilt lanai drag. Resumed zero throughout
K2-O;20rag Curve constant
01*0.905;XUelght Fraction
K11-O.06;%Drog Curve constant. Obtained from Hicolal page E-7.
P11n2116*.2360;ZVressure at 35K ft.
"fIuO. 70;Ztlch "umber
C~oI-.0345;XDrog coefficient at zero lift (approximate)
qiu(l .4/2)*P1*flI^2;X~unomlc Pressure
RRIO0.3106;l~enaity ratio at 30K ft.
aI-(0.560+0.25*(1.2-flt)"3)*RRl-O.6;Xlnstal led full throttle thrust lapse for a
high bypass turbofan (eqn. 2-42)
TJIl ;Xcounter
for USI-2D:5:14D;Xthe range of wing loading
USI"(Tt)-USI;
TUI(TI)-(el/aI)'(KII*81'USI/ql.K2eCDol/(Bt'USI/qI)):Ithe resulting T/IJ ratio.
Xeqn 2.12
TI=T 1.1 :counter
end
USlo-qI/8l*sqrt(C~oI/KlI);XThe minimum U/S for case 1.
TUlao-(D/a1)*(K1l*1*USI~~o/qIK2,C~oI/(Bt*USlo/qI))IX~he minimum T/U for cage I

%Case to: Mlaximum Endurance 0 35K ft.
nle-Itlnoreai g loading
Ole-0.B;XUeIght Fraction
K1Ie*0.O15;X~rag Curve constant.Obtained from Hicolal page E-7.
"fle-O.45;ZI~ach "umber
qfI@n(l.4/2)*P1*flte^2;X~ynomIc Pressure

ale(O.68..25(l.-fle)~)'nio.;I~staledfuil throttle thrust lapse for n
high byjpass turbofan (eqn. 2-42)
TI-I i~countor
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for USle-20:5:l10;Xthe range of sing loading
USiefl(TI )USle;
TUle(Tl).(Ote/ole)*(Klle'Ble*USle/qie+K2*CDol/(Ble'US~e/qle));Xthe result ing T/l1
ratio. eqn 2.12
TiuTI.1 ;Xcounter
end
USloe-qle/flle'sqr't(COol/Klle);IThe minimum U/S for case Ie
TUlo.(Ole/aie)*(Klle*Ble*llSloe/qle.K2+CDo1/(Ole*USloe/qle));%The minimum T/11 for
case Is
x -----------------------------------------------------------------------
XCase 2:Constant Speed Climb. This Is a "snapshot" of the climb only. Taken at
Xan assumed TRS-330 fps, M1-0.41, 115K ft. a/ an assumed dh/dt of 1000 f pm.
IdLJ/dt-0;
n2-1:Xnormal g loading
R20O;IfddItlonaI drag. Assumed zero throughout
P2-O.5616*2116.2:IPresaure at 15K ft.
U-433;XUeiocity
dhdt-67;%Rote of Climb (ft/s)
"12-0.41 ;Ilach Humber
a2-o.975;XUeight Fraction
K12-0.05;XDrag Curve constant.Obtalned from Hicolai page E-7.
q2-(I .4/2)*P2*fl2^2;%Dtjnomlc Pressure
CDo2-0.0345;20org coefficient at zero lift
Rn2-0.6295;XDensity ratio at I5K ft.
a2u(D.56840.25*(1.2-fl2)^3)*RIR2O0.6;Xinstalled full throttle thrust lapse for a
high bypass turbofan (san. 2-42)
T2-1 ;counter
for US2-20:5:140;Xthe range of wing loading
US2fl(T2)'.US2;
TU2(T2).(82/a2)*(K12*82*US2/q2,K2,C~o2/(02*US2/q2)+I/IJ*dhdt);Xthe resuit ing TILE
ratio. eqn 2.14
T2-T2.l ;Xcounter
end
US2o-q2/02*sqrt(CDo2/Kt2);XThe minimum U/S for case 2
TU2om(02/a2)*(K12*02*US2o/q2.K24CDo2/(82*US2o/q2)41I/lJ'dhdt ) ;The minimum TILE for
case 2
x ------------------------------------------------------------------------
V~ase 3:Constant fllt./Speed Turn. Sustained g turn.
Xdh/dt-dIUfdt-0
n3-2;Xnormal g loading
A3-0;X~ddlt lanai drag. Assumed zero throughout
P3-O.4599'2116.2;XPressure at 20K ft.
83-0.85:IUelght Fraction
K13-0.045;XDrag Curve constant. Obtained from "Icolal page E-7.
K2-O;XIorg Curve constant
1`13-0.416: Iaci, "umber
C~o3w.O3IM1110roo coefficient at zero lift
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q3-(I .1/2)*P3I13-2;1Dynom~c Pressure
fnn3"O.5332;X~ens1ty ratio at 20K ft.
a3w(O,568*O.25*(1.2-fl3)i3)*RR3^O.6;tlnstalled full throttle thrust lanse for a
high bypass turbofan (eqn. 2-42)
T3-1 ;counter
for US3-20:5:I10;Xthe range of wing loading
lJS311(T3)-US3:
TU3(T3)-(D3/a3)*(Kt3*n3'2*83*US3/q3.K2*n3+C~o3/(83lIIS3/q3));Xthe result ing T/11
ratio. eqn 2.15
T3-T3. ;Xcounter
end
US3o-q3/83'sqrt(C~o3/K13);Xlhe minimum U/S f or case 3
JU3ou(53/a3)*(K13*n3^2*f3*US3o/q3.K2*n3.CDo3/(83*US3o/q3));XThe minimum T/O for
case 3
1 -----------------------------------------------------------------------
XCase 4:Horizontal Recelerot ton
Xdh/dt-O;conetant altitude
n4-1l;normal g loading
R1-0;fflddltlonai drag. Resumed zero throughout
UkiOO0;Xlnltlal velocity.
Uf-776;%Flnol velocity.
dt*300;XT~me for acceleration (In seconds)
P4-21f6.4*O.236O;XPressure at 35K ft.
dUdt-(I.f-lUi)/dt;N~lccelerat Ion
84-0.e5;X~I~eght Fraction
K141.055;10rag Curve constant. Obtained from "lcolal page E-7.
K2*O;Iflrag Curve constant
"flli.55;Xflach t"umber.R "snapshot" In the middle of the run
CDo4-.0345;XDrog coefficient at zero lift
g-32.17;%Rcceeerat ion due to gravity (ft/see)
q41(I .4/2)'PI`41I142;3OynomIc Pressure
RRlin.3106;Zfleneity ratio at 35K ft.
a4u(0.568.O0.25*(1.2-fl4)^3)*RRVO^.6;2lnstaiied full throttle thrust lapse far a
high bypass turbofan (eqn. 2-12)
Z-1/g~dIdt;
TI1 ;Xcounter
for USI-20:5!14;I~the range of wing loading
UiJSII(T4)-US4;
IU4(TI)u(B1/al)*(K14*81*USI/q14K2+CDo4/(04*US4/q4)4Z);Xthe result ing I/U rat io.
eqn. 2.18
T4-TI4l 3lcounter
end
I-----------------------------------------------------------------------
%Case 5: Takeoff Ground Roll
ldh/dt-O;
Sg-3000;XGround roll takeoff distance
Rh5-.OO23769:XSea level densltu

67



Kto-1.2:2staii-to-takeoff velocity~ ratio
Clo-2.5;Xflax lift coefficient for takeoff
85-1;IlieIght Fraction
fl5-O;Ziloch Humber
nnfl-i;N0ensity ratio at sea level
o5-(D.56e+0.25'(1.2-n5)-3)'nn5^0.6:ginstolled full throttle thrust lapse fnr al
high bypass turbofan (eqn. 2-42)
g-32.17;Nflccelerat ion due to gravity (ft/see)
15-i ;Icounter
for USS-20:5:i4O,Xthe range of wing loading
US51II(T5)iJS5;
TUSR(T5)u'((2O.9*US5)/(RR5S*Cim))/(Sg-87*5qrt(US5/(FlR5*Cf.)));gthe resulting Till
ratio. This Is from Hicolol (eqn.6-3)i
T5-TS+l ;icounter
end

I -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
XCose 7:1Landing Rloli
Xdhdt-0;
Cim-3.D;Xflax iift coefficient for ianding
SI*5000;tLanding distance
RRI-i:Ifensity ratio at sea level
TUB-0.2: .1:1.2;
US11m(SI-400)*RR*Clm/ll8:grrom Ni1colal (eqn. 6-5).Hote It Is Independent of T/ll.
for S-1:11,
USeII(S)-USse
end
I --------- ---------- ---------- ----------- ---------- ---------- ----------
SCase 9: Mlaintainability
"fllH-30Jlflaintenonce man hours per flight hour
T9-i ;xcounter
for USS9-20:50i10,11the range of wing loading
US9N( T9)-U~S9;
TU9(T9).(flfFH/?.257I6)-(O.1g6568/7,25715)e*jSg;£the resulting T/U ratio.This Is
Nfewberry's equation for the fighter aircraft only.
TU9T(T9)u'(IMfFi/13.6383)-(D.i555/l3.6383)*US9;Xthe resulting T/ll ratio. This Is
if~emberrygs equation using a1125 aircraft. It was used because It Is proablby
Imost realistic,
T9-T9.f ;Xcounter
end
I --------------------------------------------------------------------
plot(USIHI,TUI,USlefl,TUle,US211,TU2, x' ,US3fl,TU3, ' *,USII1,TUI, o ,USSII,TU5Rl, * ,USB
fl,TUB,'-',US9fl,TU9T,'-.')
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APPENDIX C

%1his Is on ejection program with expressions from iloerner's Fluid Dynamic Draq
book, Chapter' 13.
I ---------------------------------------------------------------------------
U=3OO;uwelght of the seat and crew member
g-32.2;Xocceleratlon due to grovlty
fl..2;IMach number
GMlfl-I.4;xgamma
P=2116:3*.8321;Ipressure
q-(GFIf/2)*P*M-2;Xdynomlc pressureassumed constant
Dq-9;Xdrog area (varles between 4 and 9ft^2)
w=60;Iapproxlmate overage vertical veloclty
Q-1 Icounter
for Y-O:I41,
Yf(Q)-Y;
T(Q)-Y/w;Ztlme Is equal to velocitg divided by distance
T2(Q)-T(Q)^2;Xtlme squared
XI(Q)m8+(g*q*T2(Q)*(Oq/l));Ithe front seat trajectory. eqn. 26, chop 13
X2(Q)w16+(g*q*T2(0)*(Dq/u));zthe back seat trajectory. eqn. 26, chop 13
O-Q#I ;counter
end

I ---------------------------------------------------------------
Ithis draws the rotodome antenna
Ru=[9.7413 10.929 9.7413j;
RI-[9.7413 9.7413 9.74131;
Rc-[9.7413 8.553 9.7413J;
XD=[16 28 401;
plot(XD,Ru,XD,RlI,'-',XD,Rc,'-),
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APPENDIX D

I -----------------------------------------------------------------
IThIe weight program has two parti. The first Is a subroutine which computes the
%weight of thd propulsion and fuel systems. These figures are needed for the
Imain program which Iterates a takeoff weight.
x ---------------------------------------------------------------------------
%Propulsion Subroutine
I ---------------------------------------------------------------------------
IThe below values are Inputs that are required for the equations that have been
%obtained from "The Fundamentals of lircraft Design* by Leland M. licolla
(Chapter 20)
Al-pl*2.375^2; Minlet Area
"1i-2; INumber of Inlets
Kgeool: Muct Shape Factor
P2-24; XIMax Static Pressure at Engine Compressor Face-psia
Kte-1; VTemperature Correction Factor
Km-11 XDuct Materlol Factor
Ld=3; ISubsonlc Duct Length
Fgw-2154; VTotal Wlng Fuel In Gallons
Fgf-O; XTotal Fuselage Fuel In 6alions
Lf-55; IFuselage Length
He-2; IOumber of Engines
0-72; M~ing Span
Ueng-2000; lWeight of Engine
2 ------------------------------------------------------------------------
%The equation numbers from 1llcolal are Included with the appropriate equation,".
Utfd-?.435*"Ii(LdSIRI.S*P2)^.731;120-15
Ueec-41.60((FgwFgf)*l0^(-2))A.tfS;N20-16
Ubec-?.91*((Fgw+Fgf)*10'(-2)).8541;20-18
Ulfr-13.641((Fgw.Fgf) 510^(-2))^.392;%20-19
Udd-T.3OO((Fgw+Fgf)*10^(-2))^.45O;X20-20
Wtp-20.30O((Fgo+Fgf)*10^(-2))^.4421X20-21

Uec-88.460((Lf*O)*tlet10^(-2))^.294;X20-23
Use-9.33*(Ne'Ieng*10^(-3))i1.0T7;220-26
Ufs-Ueoec*Wbscdd+Utp+Ullfr,
UppgUtfd.UfeWUec+Uee+(Ueng*2),
I --------------------------------------------------------------------
Ifaln Iteration Program
I --------------------------------------------------------------------------
XThis program Is designed to find the appropriate takeoff welght(Uto) where the
%equation is a polynomial with fraction exponents.The secant method Is used to
IfInd the desired root.The operative equation (which Is so designated below) Is
lest up so that Xthe program will find ito (a.k.a. H) when Y Is equal to
Xzero.The many equations that preceed the operative equation are portions of the
Ifinal equation. They are seperate to make the operative equation more
Imanageable.
x ----------------------------------------------------------------------------
%The below values are Inputs that are required for the eauatlons that have been
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%obtained from *The Fundamentals of Aircraft Design" by Leland M. Hicolla
(Chapter 20)
H-4.51 %Ultimate Load Factor
toc-O.12; XMaximum Thickness Ratio
LIe-(21'pl/ 1 80); %Leading Edge Sweep
Ct-4; lChord Length at Tip
Cr-13.75; XChord Length at Root
I-Ct/Crj XToper Ratio
9-8.111 Inspect Ratio
Sm-639; Wiing Area
Sht-180; %Htorizontal Tall Planform Area
Oht-24; ISpan of Horizontal Tall
tRht-U.86; %Thickness of Horizontal Tall at Root
Cmac-9.77; IMlC of the Ulng
Lt-25; Tall Moment Are
HtOuO; Xilorlzontal Tall Height to Vertlcal Tall Height flatlo
Svt-45; XUertlcol Tall Area
"-.178; XMaxlmum Mach Number at Sea Level
Sr-22; %Rudder Area
Rut-h,1ll; eAspect Ratio of Uertlcal Toll
It-0.5; ETaper Ratio of Uertical Tall
Lut-(30pll/8O); %Smeep of the Uertlcal Tall
q-800; IMaxImum Dgnamic Pressure
Lngth=55; VFuselage Length
H-0; Xnaximum Fuselage "l9gth
Klni-lI Xlnlet Constant
"Mpil-2; INumber of Pilots
"He-21 Humber of Engines
Utron-WOOO; %Weight of Avionics
Her=4g XNumber of Crew
Ksea-149.12; XEjection Seat Constant
Urod-3086; fMadome Weight
Ufuel-14000; XTotol Fuel Usight
x ----------------------------------------------------------------------------
1The equation numbers from Nicolal are Included with the appropriate equations.
%The first loop Is used to compute the first two values of Y after the two
%Initiol guesses for Uto (H) have been made. Two Initial guesses are required
Xfor the secant method,
P-I;
for Uto-40000:10000:50000,I40K & 50K are the two Initial guesses.
H(P)-Uto;

)^.7*Swm.30|320-2
Yh-(Wto*N)^.813*Sht^.504*(BhtltRht)^.O33*(CwactLt)^.20;X20-3a

Uht=.0034*Yh-.915;X20-3o

Yv-(1.tflv)^5*•Utoej)^63*vt'1 .D89*t D1*Lt^1-.26)S(14Sr/S7t)^.2l7Rvt^.337*
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Uvt-2'0. t9*YuI .0I4;X20-3b

Uf-Pletl(1.8O,032*Uto'10'(-3));X20-3O

Usee.36.98'((IUfe+Utron)*1O^(-3))'^.509;X20-11
Ust-Ksea*ttcr^I.2;320-50
Uox-I6.S9*"crl .194l1320-51
ilac-201.660((Utron+200'Hcr)'10-(-3))^.735;X20-65
Ufc-I.08*(Uto)^.?;Xthle equation Is from Roskom Par'tI
%The below equation Is the operative equation.
Y(P)-(-Uto)+Uw4Uht*Uvt4*(Uf*g+Uhgd+Ufi4Uei4Uml*Ueedlst+Uox.Uac4urodUfuei4Utron~lI
pp4Ufc;
P-P+1;
end
XThIs concludes the loop that computes the values of V for' the too InItial
%guesses.
3 ------------------------------------------------------------------------
X~he second loop Is designed to actually find the root.The loop allows for up to
318 Iterations.
for J-3:12,
H(J)NX(J-t)-Y(J-i)*((X(J-l)-X(J-2))/(Y(J-t)-Y(J-2)));Xyhle Is the secant method
Nformuial It computes a value of X (Uto) from the previous two X's and their
Irespectlvs V values. The rest of this loop just computes the new value of Y
Xfrom the newly compu~ted H. Moare Information on the secant method can be found
X3n anyj numerical methods book.

Vho(Uto'M)^.013*Sht'.584'(8ht/tflht)'^.033*(Cmac/Lt)^.28;X2O..3a
Uht--.0034*Vh^ .915;220-3a

Uut2*20. 19'Vv-1.0I4;X20-3b

Ulii129.1t(lito*iO'(-3))'.66;X20-7
Uhyd-23.77*(Uto*10^i-3))'1 . 10X20-35
Ufi-HPili(15*.032*Uto*i0"(-3));X20-39
UeI-HeO(t.80..006SUto*t0A(-3)) :320-40
UmI-. 15'(Uto510'(-3));X20-42
Ues-316.98*( (Ufs.Utron)*l01(-3))A.509;320-11
list -Kseatcr^1 .2;320-50
Uox-I6.09't"cri .4943320-5I
liae-201.66'((litron4200'Mcr)*i0^A-3))-.735;X20-65
iifcuI,08*(Uto)A.7i1th19seauat Ion Is from Roskam Partli
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11he below equation Is the operative equation uhos root we ore seeking.
Y(J)*(-Uto)*Us*Uht*Uut.Uf*Ulg*UhyJd.Ufl+UeI+Uml+Ues*Ust4Uox*Uac4Urod*UfueI4Ujtron4UI
pp+Ufc;
end
dlsp(Uto),
ZVto- 5.1490e*.Oi lbs
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APPENDIX E

AEWVI XIS

GROUP MOMENT FARM R
- IN FRONTOF THE

AIRF-RAME

WING (OUT) - 2250 34
WINGJnI -U_ 358 30
HORIZONTAL TAIL 4 55
NACELLES 969 25.5
FUSELAGE -- -2757 29

VERVT TAIL 295

FUiEL

WIN-G 14000 30

DUMPS AND DRAIN(M) 3__ 33.-

CELL RACEKING WM) -- 109 - -30

TASERPUM~PS CAM) - - -tica

INFLIGHT REFUELING i
ENGINES 4000 25.

ENGINECONTROLS 11116 20
STRTN SYSTEMS -41 --

AND-ING GAUR (NO0SE) _238 13
LANDING GEAR (MAIN) _ 147 39-

`Y-D SY-STEM ii
FLGTCONTROL SYS. -53

fL TIN-ST - i j
ENG INST __0 ___1

AIR COND4 115 3
6-Y- -- STE 134 15

dELEC SYSTEM lies 35
MISC IN-ST

AVIONICS o. 1-0-0 41__

RADOME3003
jCwAF/LARE LAUNR 30 3
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AEWi .XLS

SEATS ________ __1:787 1

=SUM(B5:B58)
XCG FROM "5" FEET FORWARD OF NOSE ______

___________________________________ =059/859 _ ______

ZCG FROM "5 FT BELOW FUSELAGE _______

_________________=F59/859 _______

Ixx= =L59 SlUgSiftA2
Iyy= =M59 SlUgS/ftA2
Izz= =N59 SlUgS/ftA2
Ixy=_____________ 0 SlUgS/ftA2
Ixz= =Q59 SlUgS/ftA2
Izy= 'o - upjjg/ftA2
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AEWI XLS

XMP mom6 Y ARM
=85C5 ~12 BE

,,BeSCB 2jB6E

=88t8B =88'E8 9.75

i TFC2 j3 =Ri;E1 i.i

=826*C21 2=6i2

;B2C2 7 _1 B32 .

=B28*C25 0=2&2 .

=53t372.2=B37¶E37 6

=B42*C42 1 8V4
-84C4312 84E4 0

-644C44 *E47 0

-846C4i
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AEWI.XLS

=B53*C53 i9.5  
____________ 10 ________ ______

=SUM(D5:D58) ______=SUM(F5:F58)
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AEWI.XLS

=(C5.XCq)A2 =(G5)A 2 -(E5-Zcg)^2 =B5*(J5+K5) =B5*(15+K5)
=(Cq-Xcg)-2 =(Ge)A 2 0 9
ý(C7-Xcg)ýi- (-G-7) A2- =(E7-Zog)^2 =B7*(J7.K7) =B7*(17+K7)

-(CXcgA (G)A =iE8i-Zcg ý2 =§Fj88(J8+K =BB-(184K8)
IC-Xcg)2___ =(G)2 (9Zg2 6(9K - =(1+)

=(C1.Xog)^2 (Gg1)A 2 =(E92Zcq)ý2 ;69- (J12+K2 B12( 2 2

=FC18-Xc-gy'2 ;(-G =(G1);2=E1-cq =§6~ii6(J6K-6-) =816*(116+K16)

;(-C i R-Xgr-2_ = -G1(E _ 1 =E9-Z cg) 2- 8 =81 9F(-Ji1 9 +-K 1 9) _B B1 9 *(-19 + K -19-)

(C~iXcg)2 ____ (21)A =(E1.Zc)A2 621(J~i-21 .(2) _ =621*(121.K21)

;7(Cj3-_XCg)Aj ;(G23);2 (E234-c~gr)A _ =6Y3;(ji23+K23)- =623z(123+-Ki3-)

=25(CSg)Ag =LG25jA (E5A2 2 _=825*(J25+K25) =B25*(125+K25)
(C2~Xg)A ~~26A2-=(E25_ZogWA2 -- =826*1 J26+K26) =B628(i26+K26)

1(C?.Xc9)`2 ____ ? (2)2 =(E27-Zcg)^2 =82r*(J27+K27) =B27'(127+K27)
=(C28_XCg)A 2 =(G28)A2 - -(E28_ZCg)A 2 =828*(J284K28) _=B28*(128+K28j

iC30_XCg)A 2 L(36)A 2 (EIZCg)A2 - =2638(438+K36) =B36()364.K36)
- _ca)A ___ =L37)A2 =(E 7Z~2 - B7(37KD =P??-(l3+K37)
(LC38.Xcg);2 (035ý); 2 (E3ZCg)A 2 =838*(J38+K38) =B38(5(138.K38

=(C39.XCgr;2 - =(039) z2 (E39-Zcg)^2 _=B39*(J39+K39) __=839*(139.K39)

=_iL- 2___ (01 fEILg)2W? - !!!j4jJ4+K4!)_ =241'(1414K41)
Lc 1?_IA 2 =(G42)A 2 fLE2_ZCg)A2 82J+K42) =B42*(1424K42)

~4.c)2 =(043)A 2 ___ (E43-Z~g A2 -- B43*J43.FK43) =843*(143+K43)
=(C44 XCg)A2 =(G44)112 (jE44.Zog)A 2 _ =844*(J44+K44) __=B44(144+K44)

EIS-J 2K -ý 14-K6
=(7~CII 2 j~7 2 =(E47- g)2 __=B47*(J474K47) =847*(147+K47)

-- (48) 38Zq)A? - =848(J484K48) B48'(1484K48)

__9-Vr2 =L__ _?g 2(49 )A? =849*(J49+K49) =B4g*(149+K49)
=( _O.C9rA2 (00 2(5.Zgý =5~50+K50) =B50-(150+K50)

;(C51-Xcg);2 (051) 2 .(ES JZog)A2 I=B51;(J51+k51) 6(51K
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AEWi .XLS

=(C53-Xcg)A2 =(G53)A2 -. =(E53_ZCg)A2 1=B53*(J53+K53) 1-=B53(153+K53)

_____________ _______ __________ =SUM(L5:L57) =SUM(M5:M57)

_____________ _____________=L58/32.174 =M58132.174
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=B5(15+J5) r =B51 C5- X cR) *(E 5 Zcg) __

=BB(tO+J8) -11 =136*(C6-Xcg)*(E6-7Zc2)

=B7-(7+J7) A. 1 =37*(C7-Xce)*(E7-Zcg)
=8*(18+J8) -- o - rORI(CR-Xce)'(ER.Zcg)

=B9(19+J9) -f) =39*(C9-Xcg)*(E-9-7.cg)

~8I(l1+J1) == =1316*(C16-Xcg)*(IE16-7.cg)

Blg9(119+J19) =0 0- =1319*(C19-Xcg)*(E19-7xgs)

=B21'012i +J2-1-) -0 --0 =1321 *(C2 I-Xcg)'(E21-Z.cg)

=823*(123+J23) -=0 - _- =0 132(C23-Xcg)'(E23-Zcg)

=825*(125+J25) =0 =0o =B25*(C25-Xcg)*(E25-Zcg)
=B268(1264J28) =0 =:0- -_ -=B26*(C26-Xcg)*(E26-Zcg)
8B27*(1274J27) =0 =0 1327*(C27-Xcg)*(E27-Zcg)

=B28*(128+J28) =0 =0 =B28*(C2R-Xcg)*(E28-7Zcg)

6B30(138+J38 --- - =0 _ =336*(C36-Xcg)'(E36-Zcg) _

=B37*(137+J37) =-0 --o =B37*(C37-Xcg)'(E37-Zcg) ___

=B38(138+4J8) --0 =0 =B3R*(C39-Xcg)*(E38-Zcg)
=B39*(139+J39) =0 =0 _____ 39*(C39-Xc~g)*(E39-Zcg)_ ____

=B4P*(l W41) -rO__ 0 =1341*(C41-Xcg)*(E41-Zcg)
=B42*(142+J42) __- -- =O__-~B42*(C42-Xcg)'(E42-7-cp)

=B43(1434J43) -- o =0o =0B43*(C43-Xcg)*(E43-Zcg) ___

=B44*(144+J44) 0 :0___ =B44*(C44-Xcg)'(E44-Zcg)

=448(146+J46) --o =0M___ 'B4(C c-cg)-(E46-Zcg)
=B47'(147+J47) -- -o ;47*(C47-Xcg)*(I47-7icg) __

=B48(148J48) --o =o =B4R*(C48-Xcg)-(-Ei8.Zcg)
=B49*(49+J4 _ =0 --0 =B490(C49-Xcg)*(r49-Zctt)

=B50(15q+J5q)___ =0 --o =350(CSO-Xge(rE50-7Zcp)
=05 (51 J51) =0 =0 =B5 I (CS -Xcp)*(E51I-Zcg)
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AEW1.XLS

=B53*(153+J53) 1= O=B53 t'C53-Xcg)*(E53-Zcg)

=SUM(N5:N57) =0 j=0 SUM(Q5:Q57)
=N58/32.174 =058/32. =P58132. =Q58/32.174
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AEWI XLS

GROUP MOMENT ARM REFERENCED FROM'5- FEET
_ J ~~iN FRONT O-F THE- NOSE§. ETBLWrE Fii§

XAmX MOM Z Arm -o vA (IXg^

WIN-G (OUT:) 2250o 34 F650 -~ 12 27q000 2 2519329
30IK 107400 i242960 75 .21l

HORIZONTAL TAIL ii5 55.5 24697.5 iS 5-6751 4 5e 533.0206
969 25.5 40. 10Nai 9601 97 ii 7ii2

FUELG 2757 29 79953 9 24813 0 1164693

VERTAIL269 58 15602 i3 347 j5.-70-68-

WI NG ii4000 30 420000o 12 1680001 75

BLADDE iM 53 0 15390 i2 615308 7.5 5.8214i3

f RA-NSER P-ump~ -m 1160 30 3300 12 1320 7.5 5.211
INFLIGHT REFUELING ii ii iii id ~ . 3324

ENGINE CONTR-OLS TO 118- 20 2320 iOs iii6i
STARTING SYSTEMS 1

HYD's

LANDING GE-AR fq4OSýI _2368 13 -. 3068 2.2 519.2 0 37.85
LAND-ING Ga-6R (MAIN) 17 39 -5-574-4-7 2.-2 3-2-4-0.6 6 43.39172
ffi)6 g-SEM iT 5652860 i S F 6 9 i~i~ii
FLIGHT CONTROL SYS. 2043 30 5i i90 8 16344 0 61i

A~LT MST -i6 556 i6 ji6 a 56

AIR COND 1159 31 35929 12 139 08 0

E-LE-CT §SYSTEM lies as 165 i61ii
TiR§4T 2- - 10 0 I 77 050.3

10000 ii 4100 10610000 07346
RADOME WRO66 ii ýj666
CHAFF/FLARE LAUNCH 300 33 99001 ___ 2400 0 ____ 14485
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AEWI .XLS

SEATS 787 191 149531 9.51 7476.51 01__ 179.9021

51393 16657891 560703

XCG FROM "5" FEET FORWARD OF NOSE

32.41276

ZCG FROM "5 FT BELOW FUSELAGE

10.91011 _

Ixx= 100006.3 slugs/ftA2 _
lyy= 74175.85 slugslftA2

Izz= 147693.2 slugs/ftA2
Ixy= 0 slugs/fftA2

Ixz= -14.9335 slugs/ftA2 _

lzy= 0 slugs/ftA2,_ _ , -

83



AEWI XLS

(YI.Ycq)2 (Z -Zcg)2 lxx lyy Izz NY Iyz __In
529 1.18788 1192923 8341.175 t195918 000 0001 3.992 31

58.25 1.18788 205827.5 25093.2 222215.7 000 000 9,414 12
2ý0.7938 -i18.272 18898.75 244637.8 246447.3 000 000l 42.011 80

95.0825 08a28301 92918.19 47107.51 138420.4 000o o -00 -6,09-6- 34
0 3.848521 10058.97 42189.57 32110.6 000 000 17,972 19

121 4.387839 33723.89 177291 208885. 1 000 000 1431R4.&M

58.25 1.18788 804030 98129.82 888999.8 0oo 0n .N) 1 31500

58.25 1.1.8786 29465.62 3595.757 31842.63 000 0o _x -. 314901

38 1.18788 1115.636 45.98129 1090.346 000 000 _ 19,20

56.25 1.187886880.727 764.0'107 875.8 00 0 .366

56.25- -I.1876 6318.165 771.02 6827.855 000 0.00 .2R9.26
12.25 0.828301 588.5235 13681.46 M495.44 000 000 _ 713.14

95.0625 0.828301 383583.2 194458.2 571395S 0.00 -0.00 25. 16-55,0T
20.25 0.828301 2445.083 17988.97 2022159 000. i0.00 -1.-310.4-5

0 75.86602 17904.38 108842.2 88937.84 000 000 39.90460

38 75.86602 164i778.7ý 175666.7- 116944 -ý -000 000 --14.5-14623
0~ i 8.6842192-1.92 25179.25 10257.33 0.00 0-.00 -_12.,3 71l -71

0 8.468742 17301.64 29194.79 11893.15 0.00 0.00 _14,344,72

0 0.828301 27.33393 16604.28 16576.95 000 0.00 iý7 1

0 0.828301 8.283008 5031.601 5023.318 00000 0 __ 203 9R

-___0 1.88 367938.6 3329000 000 -1784 57
0 15.28-896 2048.72 -42678.09 40629.37 0,00 0-00 9,12-3.50o

0 3.648-12 250.527 -12048181i 77-98.2-87 000o 000o .-5,75-7 3 3
0 0.00808 0.056561 3516.379 3518.323 0.00 000 .14,10

-___0 8.468742i 42i3.471 3170.888 2-747J45-1 -00-0 -00-0 _ 1.0-786-0
0 0"U28301 8-283.00 745689. 737406.8 0-00 -00-0 7 -73. 53 3-5-
0 65.44631 196338.9 197373.5 1034.551 0000 14.252 11

0 .4872 54.63 84.08 034510 0-01 2000) 51269
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AEWl.XLS

o 1.988411j 1564.881 143147.9 141583j 0.00 0.00 14,884.90

3217604 2386534 4751882 0.00 0.00 -480.4688632
100006.3 74175.85 147693.2 0 0 -14.93345133
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APPENDIX F

m I, I i m I . , , J 1 I? l',•.. f-Ii I fli k •, . f ifil ;11 (1 '1i I ( 't 7• 1l~

f ),'civnr,I f,,r 0 7 1 ifI -"ml-1(irtitt

×/ c fe fy /C )I / - {, r ,f,/~

0.000 0.0000 0.0000 .500 .0584 - .0554

.002 .0092 -. 0092 .510 .0581 -. '0546

.005 .0141 -. 0141 .520 .0577 -. 0537

.010 .0190 -. 0190 .5)0 .0573 -. 0528
.020 .0252 -. 0252 .540 .0569 -. 0518

.030 .0294 -. 0294 .550 .0564 - 0508

.040 .0327 -. 0327 .560 0559 -0496

.050 .0354 -. 0353 .570 .0554 -. 0484

.060 .0377 -. 0376 .580 .0549 -. 0471

.070 .0397 -. 0396 .590 .0543 -. 0457

.080 .0415 -. 0414 .600 .0537 -. 0443

.090 .0431 -. 0430 .610 .0530 -. 0429

.100 .0446 -. 0445 .620 .0523 -. 0414

.110 .0459 -. 0459 .630 .0516 -. 0398

.120 .0411 -. 0472 .640 .0508 -. 0382

.130 .0483 -. 0484 .650 .0500 -. 0366
.140 .0494 -. 0495 .660 .0491 -. 0349
.150 .0504 -. 0505 .670 .0482 -. 0332
.160 .0513 -. 0514 .680 .0472 -. 0315
.170 .0522 -. 0523 .690 .0462 -. 0298

.180 .0530 -. 0531 .700 .0451 -. 0280

.190 .0537 -. 0539 .710 .0440 -. 0262

.200 .0544 -. 0546 .720 .0429 -. 0244

.210 .0551 -. 0553 .730 .0416 -. 0226

.220 .0557 -. 0559 .740 .0403 -. 0208

.230 .0562 -. 0564 .750 .0390 -. 0191

.240 .0567 -. 0569 .760 .0376 -. 0174

.250 .0572 -. 0574 .770 .0362 -.0157

.260 .0576 -. 0578 .780 .0347 -. 0141

.270 .0580 -. 0582 .790 .0332 -. 0125

.280 .0584 -. 0585 .800 .0316 -. 0110

.290 .0587 -. 0588 .810 .0300 -. 0095

.300 .0590 -. 0591 .820 .0283 -. 0082

.310 .0592 -. 0593 .830 .0266 -. 0070

.320 .0594 -. O595 .840 .0248 -. 0059

.330 .0596 -. 0596 .850 .0230 -. 0050

.340 .0598 -. 0597 .860 .0211 -. 0043

.350 .0599 -. 0598 .870 .0192 -. 0038

.360 .0600 -. 0598 .880 .0172 -0035

.370 .0601 -. 0598 .890 .0152 -. 0033
.380 .0601 -. 0598 .900 .0131 -. 0034

.390 .0601 -. 0597 .910 .0110 -. 0036

.400 .0601 -. 0596 .920 .0088 -. 0041

.410 .0601 -. 0594 .930 .0065 -. 0049

.420 .0600 -. 0592 .940 .0042 -. 0059

.430 .0599 -. 0589 .950 .0018 -. 0072

.440 .0598 -. 0586 .960 -. 0007 -. 0087

.450 .0596 -. 0582 .970 -. 0033 -. 0105

.460 .0594 -. 0578 .980 -. 0060 -. 0126

.470 .0592 -. 0573 .990 -. 0088 -. 0150

.480 .0590 -. 0567 1.000 -. 0117 -. 0177

.490 .0587 -. 0561
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APPENDIX G
V~ero lift drag coefficent of entire aircraft. This program slit compute
Ilsolated parts of the aircraft It then sum them. This Is from DRTCOI1.
I------------------------------------------------------------------------
SPart 1: Isolated Ulng
Cr-13.75;XRoot Chord (ft)
Ct-4:XTip Chord (ft)
tocin.i2;Xfhickness Ratio
Lie-21'pi/100;ZLeoding Edge Sweep (rods)
0-72:21,ing Soon (1t)

Ulinf-620;SVreestream IUeiocity (ft/9)
IsCt/CP;XToper Ratio
822B/2;XHalf Ulng Sparn (ft)
TLie-ton(Lie):tTangent of Leading Edge Sweep (rods)
Ctp-TLie*2;
Crp-Ct'Ct p-Cr;
Sfp.2'((B2'(Cr*Crp))-(.5'92'Ctp)-(.5'B2*Crp));XUing flrea (ftV2)
Cb-(2/3)*Cr*((1i'i1i2)/(lI+));XC bar - "eon Rerodynamic Chord
RemUI.nf*Cb/HIJ; Reyno ida "umber
Cbf-O.155'(ioglO(Re))^(-2.58);XFlverage Turbulent Skin Friction Coefficient
Cdaw-2*Cbf*(14(2*toe)4(1OO*toc'4)),kCdo of the Ulng. eqn. 1l5i
1 -----------------------------------------------------------------------
W~art 2: Isolated Rotodome (not Including Pylon)
Crrm24;XRfotodome Root Chord (1t)
Ctr-O;XRotodome Tip Chord (ft)
tocr-.135;XRotodome Thickness Ratio
ir-Ctr/Crr;Iflotodome Taper Ratio
Cbr-(2/3)*Crr*((14lr4lr^2)/(Ilir))jkC bar - Rotodoms Mean Rerodynamic Chord
RermUIJn f*Cbr/HU; IReyno Id9 Humber
Cbfr-O.455*(IoglO(Rer))^(-2.58);XRotodose flverage Turbuient Skin Friction
%Coefficient
Cdorm2*CbfrS(1*(2*tocr).(iOO*tocr-4));ICdo of Rotodome prior to multiplication
%fb Rotodome-Ulng Area Ratio. eqn. 4.1.5. Ia
Sr-pi'i2^2;XRotodome Area (ft^2)
Cdorp-Cdor'Sr/Sfp,XCdo prime of Rotodome
X ----------------------------------------------------------------------
XPart 3! Rotodome Pylon (Support)
M~e Pylon has been approximated as a wing with the foilowing dimensions.
Crsini3;XRotodome Pylon Root Chord (It)
Cts-8;XRotodome Pylon Tip Chord (ft)
tocs-.3;XRotodome Pylon Thickness Ratio
iseCte/Crs;I[Rotodoms Pylon Taper Ratio
Cbs-(2/3)'Crs'((I~ls~ls^2)/(1Ile)):2C bor-Rotodome Pylon "eon Aerodynamic Chord
ReeinUInf*Cbs/"ti: Rdyno ide Number
Cbfs-O.155'(IogiO(Rles))1(-2.58);Xnotodome Pylon Average Turbulent Skin Friction
XCoefficient
Cdos-*2Cbfs'(I'(2'toes)*(10D'tocs'A))glCdo of Rotodome Pulon prior to
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%multiplication of Pylon-Ulng Area Ratio, eqn. 4.1.5.1a
3s-((I3#0)/2)#0.4;2Rotodome Pylon Area (ft-2)
Cdoep-Cdosgse/Sfp,XCdo prime of Rotodome Pylon
I ---------------- -----------------------
SHOTE!The actual Cdo from Parts 2 &. 3 was obtained from Grumman and Is 0.008.
I --------------------------------------------------------------------------
%Part 4! Isolated Fuselage (Body)
IThis program assumes a ogive shaped body.
Deox-6;lflax Diameter' of Fuselage
Lb-55; IFuselI ge Length
FR-Lb/Omax;XFineness Ratio
Db-I.D;Zflase Diameter
Reb-Ulnf*Lb/HLI; Regno idg Humber
Cbfb-O.455'(loglO(Reb))^(-2.50);XFuselage Average Turbulent Skin Friction
lCoefficlent
S~oSb-I8,85;XFrom USAF S&C OatCom Figure 2.3.3
Sb-pi*4'^2;XFrontal Area of Fuselage
Cdof'1 .02*Cbf*(14(l .5/(Lb/Dmax)At .5)4(7/(Lb/Dmax)^3))*SsoSb;ICdo-Fuselage Skin
IFrict ion. First part of eqn. 4.2.3.1a
Cdobb.(0.029*(Db/Dmax)^3)/(sqrt(Cdof));1oase Pressure Cdo. eqn. 4.2.3.1b
Cdob-Cdof*Cdobb;XCdo of Fuselage prior to multiplication of Fuseiage-Uing Area
Nfotlo. eqn. 4.2.3.1a
Cdobp-Cdob*Sb/Sfp,XCdo prime of Fuselage
I-------------------------------------------------------------------------
XPart 5! Isolated Horizontal Taill
Crh-9:IHorizontol Tail Root Chord (1t)
Cth-6;XI~orizontol Tail TIP Chord (ft)
Cthp-3;
tochin.12;%Norizontal Tail Thickness Ratio
Bh2I12;fl~orlzontal Tall Half Span
lh-Cth/Crh;XHorlzontaI Tail Taper Ratio
Cbh-(2/3)*Crh*((141h*lh^2)/(l~lh));XC bar-Horizontal Tail Mlean Aerodynamic Chord
RehUlJ n f Cbh/HU* Zfleyno Ids Humber
Cbfh-O.455*(loglO(Rleh))^(-2.58);XHorizontaI Tail Average Turbulent Skin Friction
XCoefficient
Cdoh-2'Cbfh'(1+(2'toch).(1OO'toch-4));XCdo of Horizontal Tail prior to
lmuitlplicatlon of Horizontal Tail-Ulng Area Ratio, eqn. 4.3.3.1a
Saph-2'(Crh'8h2-.5'flh2'Cthp);XHorizontaI Tail Area (V V2)
Cdohp*Cdoh~Saph/Sfp,XCdo prime of Horizontal Taill
x ------------------------------------------------------------------------
XPart 6! Isolated UertIcai Tall
Crv-6;II~ertlcai Tail Root Chord (Vt)
Ctu-31XUertlcal Tall TIP Chord (ft)
Cthp-3;
tocvin.12;%Uertical Tail Thickness Ratio
IvsCtv/Cru;IX~ertIcaI Tail Taper Ratio
Cbu-(2/3)*Crv*((Ilv+llvA2)/(I~lv)):XC bar-Ueptlcal Tail Mlean AerodunomIc Chord
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Rev-Ulnf*Cbv/HU;%Reynolds Number
Cbfu.O.455*(iogiO(Rev))^(-2.58);xUertlcae Tall Average Turbulent Skin Friction
NCoefflclent
Cdovu2*Cbfv*(l+(2*tocu)+(100*tocu-4));XCdo of Vertical Tall prior to
%multlplicatlon of Uertlcal Tall-Ulng Area Ratio. eqn. 4.4.3.1a
Sapv-90;XUertlcaI Tall Area (ft-2)
Cdovp-Cdou*Sapv/Sfp,XCdo prime of Uertlcal Tall

XTotal
Cdo-Cdow+Cdorp+Cdoep+Cdobp+Cdohp+Cdovp,%Total Aircraft Cdo. eqn.4.5.3.lb
Cdoo-Cdow+.00B+Cdobp+Cdohp+Cdovp,%Total Aircraft Cdo using actual rotodome draq
Information.

XCdo -0.0177
%Cdoa-0.0205
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APPENDIX H

%This program Is designed to calculate the Coefficient of Drag, Lift-to-Drog
Iflot to, Thrust Required, Power Required, Power Available, Excess Power, Rate
%of Climlb, Endurance and Range. Th6 equations are found In any, Intrductorty
Xalrcroft book. This onal~lysis was performed using A'nderson's *Introduct ion to
M~ight, Chapter 6.
2 - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - -- - - - -

CdoO0.0205;Xnlircraft Coefficient of Drag
flR-8.11;IRspect Ratio
e-O. 8; Ef flec ency
U-53000;XRircraft IUeight
UfueI-11000;XFuei Uslght
Ue-53000-.1 1DD;XEmptyj Ue Ight
nR0.0023769m 1;XDenslt!J (sl/ft^3)
SIO-RO/.0023769:X0ensityj Ratio
Thr*254100*( ID) ;XThrust
SFCO0.33/3600;XSpecilefI Fuel Consumpt ion
S-639;Xfling Area (ft'^2)

T-11;lcounter
for R-.05:.05:3,XThls Is the range of Ci chosen.
Ci(T)-R;1CoefflcIent of Lift Mlatrix
Cisq(T)-R^2;XIl squared
Cd(T)-Cdo+*'R^2;XComputed Cd Mlatrix. eqn. 6.lc
LoD(T)-CI(T)/Cd(T);Xtift-to-Drag Ratio (max 1/0-16)
TRI(T)-U/LoO(T);XImruet Required for Level, Unaccelerated Flight. eqn. 6.15
U(1)usqrt(2')/(RD'S'Vi(T)));XIl~eocltyi calculated from Cl. eqn. 6.16
PTR(T)-.5'R0'U(T)^2'S*Cdo;IParaslt Ic Thrust Required for Level, linaccelerated

SIFiight. eqn. 6.1? (tat part)
ITR(T)u.5*R0*U(T)A2*S*K*R^2;Xlnduced Thrust Required f or Level, Iloocceleroted

%Flight. eqn. 6.117 (2nd part)
PR(T)-TR(T)*U(T);1Po~er Required for Level, Unoccelerated Flight. eqn. 6.23
PRP(T)ueqrt(2elr3eCd(T)^2/(no*S*CI(T)A3));2Poser Required f or Level,

Slinoccelerated Flight (double check). eqn. 6.26
PPR(T)-PTR(T)*U(T);XProrsItic Power Required for Level, Unaccelerated Flight
IPR(T)-lTR(T)*U(T);1Induced Power Required for Level, Unacceleroted Flight
PRp(T)-Thr$U(T);1Power Rvallable (the slope of this line Is the thrust)
EDR(T)-(l/SFC)'LoD(T)*log(iJ/Ue);I~nduronce. eqn. (6.63)

2eqn. (6.60)
Oang(T)-atan(I/LoD(T))5 (180/pl);GIlide angle (in degrees). eqn. 6.1?
XGrng(T)-H*LoD(T);XGIide Range. figure 6.30
T-TO1;Xcounter

end
X-i;Xcounter
for UR-O!35.?!999.5, X0 to 1000 fps
iJM(H1)mUR;3t~elocltV Maotrix
PR(X).Thr*UR:%Power Available Mlatrix (Thr Is the slope of this line)
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X-X+I; counter
end
PS-PRp-PR;XExcess Power Matrlx. eqn. 6.42
AoC-PS/U;XRate of Climb. eqn. 6.43
Thet-osln(RoC./U).*(180/pl);Xcllmb angle. eqn. 6.41
Xdlep(LoD),
Ndlep(PS),
Ndlsp(RoC.*60),
splot(Cd,Cl),
Nplot(Cd,Clsq),
Xplot(U,TR),
Xplot(U,TFI,U,PTR,'--',U, IR,--'),
xpiot(U,PR,U,PPR,'--',, IP,'p,--',U,Pnp,'x',,UM,PR,' '),

2plot(U,EDR./3600),
Splot(U,RlHO./6000),
splot(U,RoC*60),

Zthis Is a result of actual thrust/power obtained from OHX/OFFX
PRsk-[8347933 11130578 13378120 13693171 14048422 13970359 13852273];Xactual PA
"Matrlx at sea level
PRI5 -l.0e+07*[0.5347 0.70064 0.8346 1,13623 1.22831;Power Available at 15K
PR35 -1.0e+06*[2,2604 3.0139 3.6222 5.5050 6.2335J;%Power Avallable at 35K
"Ml-[.3 .4 .5 .6 .7 .8 .91;
"f-U./(1116);
Mam-UAM./(II16);
l15-[.3 .4 .5 .8 .991;

"M35-[.3 .4 .5 .8 .91;

PSRI-1.Oe+07*[0 .2195122 .6585366 .0780488 1.0341463 1.03 .9993 .9405 .8893
.8443 .8046 .7692 .7374 .7087 .6825 .6566 .6365 .6161 .5972 .5796 .5631 .5477
.5332 .5194 .5065 .4942 .4825 .4714 .4609 .4508 .4411 .4318 .4230 .4144 .4062
.3983 zeros(1,25)1J
PSR2-1.Oe+O?*[zeros(I,36) .3907 .3834 .3763 .3694 .3620 .3563 .3501 .3441 .3382
.3325 .3269 .3215 .3163 .311 .3062 .3013 .2966 .2920 .2874 .2830 .2787 .2745
.2703 .2663 .26231;
PSO-PSRI+PSR2;Xactuaf PS (excess power) matrix at Sea Level
MRI-[.84 .8 .7 .6 .5 .45 .4198 .3886 .3635 .3427 .3252 .3100 .2968 .2852 .2748
.2655 .2571 .2494 .2424 .2359 .2299 .2244 .2192 .2144 .2099 .2056 .2017 .1979
.1943 .1909 .1877 .1847 .1818 .1790 .1763 .1738 .1714 .1690 .1668 .164? .1626
zeros(l,20)J;
"MR2-[zeroe(l,41) .1606 .1587 .1568 .1550 .1533 .1516 .1500 .1484 .1469 .1454
.1440 .1426 .1412 .1399 .1386 .1374 .1362 .1350 ,1339 .13271;

"MR-IIR 1+IIR2;
RoCR-(PSR./U)'60;2actual FloC Matrix
Xplot(MA,RoCR),
PSRI5II,.Oe+06*[O 1.852 4.259 5.556 6.204 6.296 5.926 5.6713 5.4431 5.2319
5.0362 4.8543 4,6846 4.5260 4.3771 4.2371 4.1051 3.9804 3.8621 3.7499 3.6431
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3.5413 3.4441 3.3511 3.2620 3.1766 3.0944 3.0151 2.9394 2.8660 2.7951
zeros(l ,20)J;
PSR152=l.Oe0+6*'zeroe(l,31) 2.7267 2.6605 2.5963 2.5342 2.4739 2.4154 2.3585
2.3032 2.2494 2.1970 2.1460 2.0962 2.0477 2.0003 1.9541 1.9089 1.8647 1.8215
1.7792 1.7378 1.6973 1.6575 1.6186 1.5804 1.5430 1.50621;
PSRI5-PSRI5I+PSR152;loctual PS (excess power) matrix at 15K
"MRl51-[.957 .9 .8 .7 .6 .5 .45 0.4023 0.3852 0.3701 0.3566 0.3445 0.'3336 0.3236
0.3145 0.3061 0.2984 0.2912 0.2845 0.2782 0.2724 0.2669 0.2617 0.2568 0.2522
0.2478 0.2436 0.2396 0.2359 0.2323 0.2288 0.2255 0.2224 0.2194 0.2165
zeros(1,22)1;
MR152-[zeros(1,35) 0.2137 0.2110 0.2084 0.2059 0.2035 0.2012 0.1989 0.1967
0.1946 0.1926 0.1906 0.1087 0.1868 0.1850 0.1833 0.1816 0.1799 0.1783 0.1767
0.1752 0.1737 0.17231;
"MRI5-1RI151 +MMR152;
aoCRl5-(PSRI5./U)*60;lactuol noC Ilatrix
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Pthis program computes the takeoff and landing distances for the flEll nircraft.
It Is based on the analy~sis presented In chapter' 10 of Hicolal.
I---------------------------------------------------------------------------
U10"i85:Zueiocity at lift off
7w?51100;Ithrust
g-32.i7:Xaeceierat ion due to gravity
U.9 3000:1wleIght
Cdo-.02;Xparasltic drag
S-639;ltotal wing area
flOw.0023769;ldensity, (90 deg. doy--).002211)
17i2.011;ScoeffIcient of lift
b572:111ing span
hwIi.41;height of wing above ground

flRO11-.111;laspect ratio
es.fl;Vefficlenctj

L-.5*fl0*Ulo-2*S*C1Ii iiit
Cd-Cdo*(Ph'Ci^2*K) ;%coeff icIent of drag
0". 5*RD*Uio^2*S*Cd; Idrog
fr-.OI;Xfrlct ion
Sio-(Iio^2*(U/g))/(2'(T-(D~fr*(U-L)))),Xdistance to takeoff
SroV34Vlo,2611stonce to rotate
Rf-UIo^2/(g*(l.152-l));XradIu9 of rotation
gelkAftaln( .16970),
fltof-RM'i-ces( .16978)),
Sobs-(50-I~lof)/tan(. 169?8),
Stat Slo*Sro+Sci .Sobs,

-----------------------------------------------------------------------
Ul-14000;
CiOm3;

Uli .2*Us:
tUf-1.235'iis;
C f-2'iii/(lO*Ul f-2*S):
Cd-Cdo4(Ph*Cim^2'K);Xcoefficient of drag
0".S*`0'U I^2*S*Cd; Idrog

Sgl5-(fl1 f'2(g-cO*S*C(2pi/00)))/ta(2p1/100),Xadnrolu

x -------------------------------------------------------------------------
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APPENDIX I
%This program @Ill compute the stability derivatives for three flight
conditions. The conditions will be at I'l-0.2, 0.10, 0.78. Corresponding altitudes
will be h-91, 30K, and 30K respectively. These conditions will be denoted byj a
1, 2, and 3 respectlivdiy. Mi~en parameters have defined with little more than an
educated guess, It will be denoted with a Isymbol. Calculations are done II1U
Roskam Part Ul.
I----------------------------------------------------------------------------
U-17000;XmId range weight
S-639;Nulng reference area
Lc4-17.5*pi/I0O;Xsveep at quarter chord

Cdo-0.02;Xparositic drag ciofflcient
Cmowf--.I5412;Iflosko Part Ui,Chap 8
dCmdCl--.215;2(aCm/0Cl)average of OatCom It floskam results
Q-I;Xcounter
for M-..2:.28!.77,
If 11(0.3,
P-2116.2;tpressure * sea level
else
P-2116.2'.2975;lpressure * 30K

end

CL(Q).U*2/(1.4*P*tl2$S);Icoefflclent of lift
Cm(Q)-Cmowf*CL(Q)*dCmdCl;Slinear moment coefficient
CO(Q)-Cdo.K*CL(Q)^2;Xdrag coefficient
Cgu(Q)-(-4)'K'CL(Q)^2;Xeqn(1O. JO)
CLu(Q)u(f^2*cog(Lc4 )'2'CL(Q) )/( I-fl12*cos(Lc4 ) 2);Xeqn( tO.1it)
Q-Q#i ;Xcounter

end
x ----------------------------------------------------------------------
CLa-[4.022 5.17 6.25];Xcomputed In the Lift Curve Slope program.
Coa-dCmdCI .'CLo;Xeqn( .I.9)
x ----------------------------------------------------------------------
Sh-1800:Sorlzontal tail surface area
Xbach-(25.?/9.flhldoflnsd In chapter 10, Page 380
Xbcg-(5.1/9.77)uldeflned In chapter 10, Page 380
odau.95;Swhor.Jzontal-to-freestreom dynamic pressure (qh/q)
dedao-.33;I'doonwash gradient at horizontal tall (page 272)
CLoh-[3.00 3.35 4.431uI'llft curve blope# of the horizontal &vertical tails
lUbh-(Xbach--Kbcg)*(Sh/S);2horlzontoI (all volume coefficient
CLad.2*adadeda'lUbh.*CLah; IC alpha dot
Cmad-(-2)*ada*dedo*tlbh'(Xbach-Xbcg) . CLahi 1Cm alpha dot
I----------------------------------------------------------------------
%This concludes the longitudinal calculations FOR "OUl and begins Lot-Oir
Xcalculat ions.
I----------------------------------------------------------------------
31) CuO-sldeforce-due-to-eldes~lp (10.2.4.1.1)
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Dlh-2;fdihedral (In degrees)
Ki-I.T3;%from figure Me. Zx"-3.5 & df/2,I)
Ro-31.5;frodlue of fuselage where the flow ceases to be a potential (flqlO.IO,iI)
So-pl*Ro^2;torea at that point
Ov-10:2total span of the vertical toll
Sv-15;larsa of one of the vertical tolls
Rv-Bv^2/Sv;Xvertlcal tall aspect ratio
fivrotlo-l.028;2fron figure 10.19
Rueff-Rv'Rvrat io;Zeffect lue Rv
Cyl~ueff-3;%from figure 10.10
tCjratio-O.865;2 from figure 10.17
tCi0w--.00573'0lh;%CyOl of the sing
Cyg~f-(-2)*Kl*(So/S);XCyBf of the fuselage
Ctjlv-(-2)fCyratlo*Cyufeuff'(Sv/S);ZCy0 of the vertical toll
CySl-Cyflw+Cy$3f*Cyjlv;Xthe grand total
I -------------------------------------------------------------------------
112) CiID-rolllng moment-due-.to-sldeallp (10.2,1.1.2)
CIRIC-.00I:11from figure 10.20. Iterating between taper ratio of 0 It .5
KoL-11.ol 1,125 1.3J;lflgure 10.21 using 111-.2,.48,7?6 &. c/2-15 degrees
Kf-0.97;Xflgure 10.22
CiIOCIR-.0002;Xflgure 10.23
CIi30lh--.00022;Xflgure 10.24. Iterating between toper ratio of 0 it .5
0-72;XIing span
ORR8.11;lospect ratio
Dfave-((pl'3.75^2)/. 7851 ) .5;
ACIiIDlh-(-. 0005)'RR*(Ofave/0)^2;
Ks~lhu(1.01 1,0? 1.21;Xflgure 10.25 using 11-.2,.1e,.76 L. c/2-15 degrees
Zw--3.5;Xsee figure 10.9
ACIIIZU .042*flflA .5'(Zw/8)'(Dfave/8);
etan-0.94;X'ton0l7.5)t Ime wing twist of (-3) degrees. see page 39?
AC~llet--.000031;2flgure 10.26
for Q-1:31,
Clflwf(Q)m57.3'(CL(Q)*(CIflCI'Km1(Q)'Kf+CIOCIR)*Dih*(ClflDlh*Km~ih(Q)#AClP00h)4AC 107
u~eton*&Cllet):XCiIO of the wing-fuselage combination
end
Bh-24;Xhorizontal tall span
Clflhf-.65.*ClfOf;X9CiO of the tall-fuselage combination
Clf~h-(Sh*Bh/(S*B)).'Ci~hf;XClID of the horizontal toll
Zvli~tsee figure 10.27
Lvu2l;1see figure 10.27
off-pi/l80'(10 4 0J;testimated fl.0.R from the respective Ci's
CII~u-CYl3((2v.'cos(alf)-Lu.'sln(aif))/0);XCl0 of the vertical toill
Cl13-Clflwf#Clfih*Clfu;Xthe grand total
I------------------------------------------------------------------------
113) CnI3-yawing moment-due-to-sidesllp (10.2.4.1.3)
Cnflw-0 ; lpprox Imate
Kn-.00165:1f jours 10.28
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KrI-i.55;llflgure 10.29
91fs-376;%opproxlmate fuselage side area
Lf-55;Xfuseloge length
Cn~f-(-57.3)Kn*Kri(SfsLf/(S'));XCnfl of the fuselage
Cn~v-(.-Clyfv)*((Lvcos(aff)fZvusgn(olf))/8);XCnf1 of the vertical tall
Cn0-CnfluCn~ffCnflv;%the grand total
I --------------------------------------------------------------------------
21) CyI~d-sldeforce-due-to-rate of-gidesilp (10.2.5.1)
Slgba.(-.023 -.025 -.028];Xfigure 10.30
Slgbd-f.81.8?.90J;Xfigure 10.31
Slgbet([-.02 -.022 -.0241J;figure 10.32
Slgbwf-(11 .145 .151;Xfigure 10.33
et-(-3);X'ulng twist In degrees
Lp-26;Xquarter chord of wing to quarter chord of vertical tall
2P-l0;Xfrom bottom of fuselage to quarter chord of the vertical tall
for 0-1!3,
dSlgd1(Q).Slgbo(Q)*aif(Q)*180/pl.Siqbd(Q)*(0ih/57.3)-Slgbet(Q)*et4Slabuf(0);Yfqn.

10.17
Cyl~d(Q)u2*dSigd0(Q)*(Sv/S)*((Lpceos(al f(Q)).Zp~sln(al f(Q)))/8);Xeqn. 10.16
x -----------------------------------------------------------------------
25 ClOd-rolling moment-due-to-rate of-sideslip (10.2.5.2)

I------------------------------------------------------------------------
16) CnI~d-yjoving moment-due-to-rate of-sidesfip (10.2.5.3)
Cn1Id(Q)-Cy8d(Q)*((Lp~cos(al f(Q)).Zpesln(al f(Q)))/B);Ieqn. 10.19
x ---------------------------------------------------------------------------
17 Cyp- sideforce-due-to-roll rate (10.2.6.1)
Cyp(Q).2*CU3v*((ZU*cos(ol f(Q))-Lu'sln(al f(Q)))/8):Ieqn. 10.50
end
I----------------------------------------------------------------------------
28) CIp- rolling moment-due-to-roll rote (10.2.6.2)
for Q-1:3,

Dfl(Q)(i-lflQ)~)~.;2en.10.53

end
CLaratloIoXl;lft coefficient ratio
BCipk-[-.19 -.10 -.431;Xfigure 10.35
Clpdr-1-4SZ*/(O*sln(2*pl/l80))+12*(Zw/l)^2*(eln(2*pl/100))^2;Xeqn. 10.55
CIpUCLr- .0015;Xflgure 10.36
C~owu.0059;f1rom the C~o program
rlph-0;Xapproximate from eqn. 10.59
ClovinCy0u*2*(Zu/B)^2;Xeqn 10.60
for Q01:3,
Clpdrag(Q)-CIPOCLr*CL(Q)^2-. 125*CDou;Eeqn. 10.56
Clp.(Q)-BCipk(Q)'(K11a(Q)/flia(Q))*CLarat lo*Clpdr.Clpdrag(0);-Ieqn. 10.52
end
CIP-CIPh*Ipv.C~iluithe arand total (linelDO)
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X9) trtv- Uaving moment-due-to-roll rate(l.!.)
Cbar-9.77;Efl.A.C.
Xbar-0;Xdletonce from the c.g. to the a.c. (posltva for a.c. aft of e~q.)
Cnpet-.000I:2flgure 10.37
CO-cos(Lc4) :C02-(cos(Lc ) )-2; Tf-tan(Lcl); Tl2-tan(Lc )-2;
CnpCI0Ou(-l/6)*(RR+6*(RR.C0)*((Xbar/Cbar)*Yf1/flflTn2/l2))/(Rfl*4*c0) ;lern. 10.65
for Q-13,
8no(Q)u(I-tIt1(Q)^2'C02)".,5leqn. 10.64
CnPCIOl1(Q).((Rfl.4*CO)/(nnfltnp(Q).1*CO))*((nnfl9np(Q)+..*(flR*Dnp(Q)4Co)sTn2)/(nrt 5
*(ARRCD)*TR2))*CnpClOO;Xeqn. 10.63
Cnpw(O)-(-CnPClOfl(Q))'CL(Q)sCnpet*et :feqn. 10.62

alf(Q))-Zv);Ieqn. 10.67
end
Cnp-Cnpm.Cnpv,Xthe grand total
I ------------------------------------------------------------------------
%back to the longitudinal derivatives briefly~
2 ---------------------------------------------------------------------------
19) Clq- lift-due-to-pitch rate (10.2.7.2)
XM-0;Xflgure 10.39
for Q-1:3,
Clqul1O(Q)u(.542'XS/Cbar)*CLa(Q);Xeqn. 10.11
Clqu(Q)-((RR*2*CO)/(Rfl*Onp(Q).2*CO))*CiqmllO(Q);Xeqn. 10.70
Clnh(Q)-2*'CLah(Q)*Ubh*ada;Xeqn. 10.72
end
Clq-Clcqu.Clqh,Xthe grand total
2 ------------------------------------------------------------------------
XI0) Cmq- pitching moment-due-to-pitch rate (10.2.7.3)
far Q1!3,
Cmq(Q)al.1*(-2)*CLah(Q)*oda*Ubh*(Xbach-Xbcg),3eqn. 10.70 times I.1 to account
Xfor the wing-body component.Thle Is from Roskam's "flIrplone Flight Dyjnamics rind
Iflutomatic Flight Controls" book Part 1, page 188.
end
I----------------------------------------------------------------------------
%back to the lat-der derivatives brieflyg
x ---------------------------------------------------------------------------
111) Cyjr- aldeforce-due-to-yow rate (10.2.8.1)
for Q-1:3,
Cyr(Q)-(-2)'Cy$1v'(Lv*cos(al f(Q))+Zv*sln(al f(Q)))/8;Xeqn. 10.00
end
x ---------------------------------------------------------------------------
X12) CIr- rolling moment-due-to-yam rate (10.2.8.2)
CIrCLOO-.25?;Xflgure 10.41
AClrdlh-.083'pl'Flfl'sln(Lc4)/(flfl4'CCO);Xeqn. 10.01
&Clret-(-.014);Xfigure 10.42
for 0-1!3.
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HUI- ((R*( I-np(Q)-2)/(2*Bnp(Q*(RR*Bnp( 21COM))•fRt*Bnp0)*2*CO)(Atnll nv(
)#4*CO))*TA2/0;Inumerator of eqn. 10.83
DEI- .((RR*2'CO)/(RR'4*CO))*TR2/8:3denominator of eqn. 10.03
CIrCLOM1(Q)-(NUI/DEI)*CtrCLOO;Xean. 10.83
Clrw(Q)=CL(Q)*CIrCLOMl(Q)*ACIrdlh*Olh4ACIret*et;Xeqn, 10.02
Clru(Q)-(-(2/(5^2)))*CiDv*(Lv*co(ai f(Q))*Zv*sin(aif(Q)))*(Zv*cos(aof(Q))-Lv*'sn(
alf(Q)));Xeqn. 10.87
end
Cir-Clrw*Clrv:Xthe grand total
I -------------------------------------------------------------------------
113) Cnr- yawlng moment-due-to-yaw rate (10.2.8.3)
CnrCLr-O;flgure 10.44
CnrCDo-(-.35);Nflgure 10.45
for Q-1:3,
Cnrw(Q)-CnrCLr*CL(Q)^2*CnrC0o*Cgow1esqn. 10.07
Cnrv(Q)=(2/(5A2))*CyJu*(Lv*coe(alf(Q))+Zv*sln(aif(0)))-2;!ecn. 10.88
end
Cnr-Cnrw+Cnrv;Xthe grand total
x ---------------------------------------------------------------------------
%Eleuator control derlvatlves (10.3.2)
2 ------------------------------------------------------------------------
Kb-.47;Xflgurs 8.52
CIdCIdt-.82;Zlflgure 8.15. Note~the elevator-to-hor, tall chord ratio It the
Salleron-to-chord ratio are about th6 ease. This Is Important for section 17).
Cldt-5.2ilflgure 5.14
Kprlmel;lopproximate (figure 0.13)
RdCLAdcl-1.02;Xflgure 8.53
Rlfde=Kb*CldCldt*Cldt*RdCLldclS(Kprlme/(2*pl*.B8));%2eqn. 10.94
x ------------------------------------------------------------------------
114) CIAe- llft-due-to-elevator (10.3.2.2)
for Q-I!3,
CLIh(Q)=oda*(Sh/S)*CLah(Q);Xeqn. 10.91
CIse(Q)-Alfde*CLIh(U);Ieqn. 10.95
end
x ------------------------------------------------------------------------
2IS) Co&e- pitching moment-due-to-elevator (10.3.2.3)
for Q-I13,
Cmlh(Q)-ada'Ubh*(-CLah(Q));Xeqn. 10.91
CmAe(Q)-Rlfde*Cmlh(Q);Xeqn. 10.95
end
x ------------------------------------------------------------------------
XAlelron control derivatives (10.3.5)
1 ------------------------------------------------------------------------
116) Cyja- oldeforce-due-to-alleron (10.3.5.1)
Cuao-0o:eqn. M0.105
I-------------------------------------------------------------------------
II?) CIAa- rolllna moment-due-to-allbron (10.3.5.1)
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bCplak-f.1 .395 .3851;:flgure 10.46b
for Q-f:7,
CpIA(Q).(KMo(O)/8rta(Q))'bCpIhk(Q);Xeqn. 10.10?
flfdelo(Q)-(CidCIdt'Cldt)/CLa(o);1eqn. 10.109.
ClA(O)-Rlfdela(Q)*CpiA(Q);Xeqn. 10.108
end
CIAo-2*CIA:Xeqn. 10.113

118) CnAa- yawing moment-due-to-alleron (10.3.5.1)
Ka--.115;lflgure 10.48
for Q01!3,
Cn&a(Q)-Ka*CL(Q)*CIoa(Q);1eqn. 10.114
end

119) CyAr- sldeforce-due-to-alteron (10.3.8.1)
Sv2-90;Xtotal vertical tall area
Kp2=.B;Xflgure 8.13
CldCldt2-.82;tfflgure 8.15
Cldt2=5.7;Xflgure 8.14
for 0-1!3,
CyAr(Q)=CLah(Q)*Kp2OKb*CldCldt2sCldt2*(Sv2/S);Xeqn. 10.123
end
I ------------------------------------------------------------------------
120) ClAr- ralling moment-due-to-olleron (10.3.0.2)
for Q-f:3,
CIar(O)-CyAr(Q)*((Zv*coe(alf(Q))-Lvusln(alf(Q)))/B);Xeqn. 10.124
end
x ---------------------------------------------------------------------------
221) CnAr- yawing moment-due-to-aileron (10.3.8.3)
for Q-1!3,
CnAr(Q)-(-CyAr(Q))'((Lu*cos(alf(Q))4ZvU'ln(alf(Q)))/8);%eqn. 10.125
end

-------------------------------------------------------------------------
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APPENDIX J
%Tihs program willi calculate the dynamic characteristics of the VIEU aircrnft.
The programming is based on the dynamic approximations presented In Etkin'
book, First edition, 01959, Chapters 6 &. 7. Stability Derivatives ore acquired
from the Stability DerXlvatIve program.
I--------------------------------------------------------------------------
2iongitudinal modes
x --------------------------------------------------------------------------
Ilass-53000/32.2;lmags In slugs
Cbar-9.77;%mean aerodynamic chord
S-639;XImng reference area
L1-Cbar/2;Xpage 192 (longitudinal only)
ROIu.0023769;ldensity at sea level
fl02-.0023769*.3106;Idensity at 35000 ft.
"tUi-I`ass/(RO1*S*L1):Ipage 192
fIU2-Ilass/(AO2*SLl );Ipage 192
CL-[1.211t3 0.7244 O.2890J;Xreference CL. From Stab. Der, program
CO-[0.0956 0.0457 0.02111;lref~rence CO. From Stab. Der. program
CLa-(4.8220 5.1700 6.2500J;treference CLa. From Stab. Der. program
COu-1-0.3024 -0.1030 -0.01641J;reference Ci~u. From Stab. Der. program
alfupl/180([IO 4 0J;teetimated R.0.R from the respective Ci's
I--------------------------------------------------------------------------
Sphugoid modes
Unp(1)-CL(I)/(sqrt(2)*IIUi);Xeqn.(6.7,4) assuming negligible Czu and Czq
Unp(2)-CL(2)/(sqrt(2)flIU2);Xeqn.(6.7,4) assuming negligible Czu and Czq
Unp(3)-CL(3)/(sqrt(2)*IIU2);Xeqn.(6.7,4) assuming negligible Czu and Czti

for Q-1:3,

Cxu(Q)-(-2)*(CD(Q)+CL(Q)*tan(aif(Q)))-Ct~u(Q);Xpoge 150 (11)
Zep(Q)-(-Cxu(Q))/(2'sqrt(2)*CL(Q));Xeqn.(6.7,l) assuming negligible Czu and Czq
U~dp(Q)-sqrt(1-Zep(Q~)2)*IJnp(Q);Idamplng frequency
Tp(Q)-(2*pi)/Udp(Q) ;Xperlod
end
Chori-[i (2'Zep(i)*Unp(1)) llnp(1)^21;lchuracteristic equation

Char2-[i (2*Zep(2)ilnp(2)) Unp(2)-2];2chorocterlstIc equation
Char3-1i (2Z2ep(3)iUnp(3)) Unp(3)-21;Icharacterlstlc equation
Ri-roots(Charl ):Ithe roots
R`2-roota(Chor2) :%the roots
1`3-rootes( Char3l) : the roots
I-------------------------------------------------------------------------
Ishort period modes
lyy-74176;Xmoment of Inertia from the CO program
lb1-lyy/(ROI*S'Lt^3);Xnon-dlmensionoI moment of Inertia. rage 192.

1b2-lyy/(R02'S'1PA3);Inon-dlmeneional moment of Inertia. Page 192.

Czo-(-1)*(CLo*C0);2eqn. (5.2,3)
Cma-[-I.IB14 -1.2666 -i.5312J;lfrom stability derivative program

Cmq-(-?.0521 -8.7602 -li.59919;tfrom stability derivative program

Cmad-[-2.3556 -2.6304 -3.4785J;tfrom stability derivative program

1 00



negligible Czodot and Cza
for Q-2!3;
ilns(Q)..sqrt((CZa(Q)*Cmq(Q)-2*"Ul2*Crna(Q))/(2*fIJ?2*lb2)):Xeqn, (6.7,7) assuming
negligiblie Czodot and Czq
end
Zee(i)-( -1)'(( 2tIUl*Cmq( )I)ibl*Cza(I) +2'MIi*Cmod(I) )/( 21( 2*flU b*( Cza( l)Cmri( I
-2*MIU*Cma(l)))'.5));Xeqn.(6.7,7) assuming neoilgibie Czadot and Cza
for 0-2:3,
Zes(O).(-I)*((2*tMi2*Cmci(Q)+ib2*Cza(Q).2*r1U2*Cmad(Q))/(2*(2*!1tJ2*ib2t(Cza(O)*Cma(O)
-2*1U2'Cma(Q)))^.5));teqn.(6.7,7) assuming negligible Czadot bnd Cza
end
for 0-I !3,
Uds(Q)-sqrt(I-Zes(Q)^2)*Uns(Q);tdamplng frequencyj
Ts(0)-(2*pi)/Uds(Q):Nperlad
end
Charis-(I (2t2es(I)*Uns(I)) Uns(I)-21;Xcharacteristic enuation
Char2s-[t (2*Zes(2)*Iins(2)) Uns(2)-2j;%charocteristic enuat Ion
Char3s-(I (2*2es(3)*Uns(3)) Uns(3Y2J;Xcharacteristic equation
flls-roots(Charls);Xthe roots
R2s-roots(Char2s) ;lthe roots
il13s-roots(Chor3s) ;Xthe roots
I ---------------------------------------------------------------------------
SLateraI-Oirect lanai modes
t ---------------------------------------------------------------------------
U-72;Xwing span
12-0/2;Xpage 226
ixx-100006;Xmosent of Inertia from the CO program
Irv-147693;Xmoment of Inertia from the CG program
Ixz--I4.9335;2moment of Inertia from the CO program
Iai-ixx/(fl0I'S'L2'3);Xnon-dlmensionaI moment of Inertia. Page 192.
ia2Uixx/(R02*S*L2^3);Enon-dImens lanai moment of Inert ia. Page 192.
Ic-Iiniz/(ROI*S*L2^3);Xnon-dimenslonaI moment of Inertia, rage 192.
Ic2-izz/(RO2'S'12'^3);Xnon-dlmensionai moment of Inertia. Page 192.
Ieiirxz/(ROI*S*L2^3);1non-dimensionaI moment of Inertia. Page 192.
ie2-ixz/(n02'S*12-3);Xnon-dimensianoI moment of Inertia. Page 192.
Cy63-O0.5077;2fro* stability derivative program
Cyr-O.243?;Xfrom stability derivative program
Cip-(-2.4765 -2.5993 -2.19140J;Ifrom stabilityj derivative program
Cir-(0.4177 0.3620 0.2667J;Xfrom stabiliity derivative program
Cnp-10.1319 0.0764 O.0291J;Xfrom stability derivative program
Cnr-[-0.0855 -0.0818 -0.0833J;Xfroo stability derivative program
Cifl-t-O.1279 -0,1307 -O.12?3J;Xfroo stability derivative program
Cyjp-(O.O023 -0.0235 -0.0106J;tfrom stability derivative program
CnB-I0.0576 0.0571 O.05601;tfrom stabilityj derivative program
I---------------------------------------------------------------------------

Rl(2)-2'flU2 0(io2*ic2-ie2^2):XvolunomiaI coefficient. ean.(7.1 .3)

101



omiol coefficient, eqn.(?.i,3)
for 0-2:3,
8(0)-CtJ'(1e2^2-ia2*ic2)-2'iIU2*(ic2*Clp(O)+io2sCnr(Q).ie2*(Clr(0).Cflp(0)));!pOlqitI
omiol coefficient. eqn.(7.1,3)
end

..Ciyr*CMflj));%polynomiof coefficient. eqn.(7.f,3)
for Q-2:3,
C(Q)*2*1tJU2*(Cnr(Q)*Cip(Q)-Cnp(Q)*Cir(Q)+io2*CnB(Q)+ie2*CI9(Q)) 1a2*(CYfl'Cnr(O)-rn

-Cyr*CiIS(Q));Xpoiunomala coefficient. eqn.(7.1,3)
end

I-Cyr)*(CiO(l)*Cnp(i)-CnRl(1)SClp(i))-CL(i)*(IcisCiO(I).iel*Cnfl(i));XpoiljiiomnIi
coefficient. eqn.(7.1,3)
for O-2:3,
D(Q)-CYO*(Clr(Q)*Cnp(Q)-Cnr(Q)*C~ip(Q)).Cyp(Q)*(CIf(Q)*Cnr(Q).CnD(Q)*Clr(Q)).(2*i1ee

coefficient. eqn.(7.1,3)
end
E(i)-C1(l)'(Cil(i)'Cnr(t)-CnI(i)'Clr(i));XpolynomiaI coefficient. eqn.(7.l.3)
for 0-2:3,
E(O)uCL(Q)*(Cif3(Q)*Cnr.(Q)-Cni3(Q)*Cir(Q));XpoilJnomaIa coefficient. eqn.(7.1,3)
end
I---------------------------------------------------------------------------
CharLDl-[(flt) 13(l) CMi D(l) E(I)j;Xcharocteristlc equation
ChoPLD2-ER(2) 9(2) C(2) D(2) E(2)i;charocterlstIc equation
CharlO03-[fl() 0(0) CM3 O(3 E3)J;Xcharacteristlc equation
filL0I-roots(Chorl-i );1the roots
FLU2-root9(CharLlD2) ;the roots
1`1L03-root s( CharlD13) ;It he rootsg
[inli ,ZeLlJj - 0FII1(CharLDl ):Inaturai frequencyJ and damping rot io
jUnL2,ZPL2J - OflhlP(Charl-02);Xnatural frequencyj and damping ratio
[UnL3,ZeL3J - 0Rfl(CharLE13);%natural frequency and damping ratio
Ud~t-sqrt(i-2eLI .^2).'flnLI ;Idomping frequency
TLI-( 2 *pi )/UdlI ;Xperlod
UdL2-sqrt(t-ZeL2.72) .'UnL2:Xdomplng frequency
T12-(2*pi )/UdL2;Xperiod
UdL3-sqrt(I-2eL3.72).*11n13;Xdamping frequencyj
TL3-(2*pi )/IUdL3;Xperiod
---------------------------------------------------------------------------

1 02



REFERENCES

1. Nicolai, Leland M., Fundamentals of Aircraft Design. San Jose.
CA, 1984

2. Raymer, Daniel P., Aircraft Design: A Conceptual Approach.
American Institute of Aeronautics and Astronautics.
Washington, D.C., 1989.

3. School of Aerospace Engineering, Georgia Institute of
Technology, The Impact of Total Quality Management (TOM) and
Concurrent Engineering On the Aircraft Design Process, by D.P
Schrage, p.1.

4. Taguchi, G., "The Evaluation of Quality", Special
Information Package on Taguchi Methods, American Supplier
Institute, Inc.

5. Hauser, John R., Clausing, D., "The House of Quality", Harvard
Business Review, pp. 63-73, May-June 1988.

6. Akao, Yoji, QFD: Integrating Customer Requirements Into
Production Design, Productivity Press, Cambridge, Mass.,1990

7. Mattingly, Jack D., Heiser, William H. and Dailey, Daniel H.,
Aircraft Engine Design, American Institute of Aeonautics and
Astronautics, New York, 1987.

8. Roskam, Jan, Airplane Design, Parts I-VIII, Roskam Aviation and
Engineering Corporation, Ottawa, Kansas, 1985.

9. U.S. and Gas Turbine Engine Specifications, Aviation Week and
Space Technology, pp. 90 & 109, March 16, 1992.

10. Hoerner, S.F., Fluid-Dynamic Drag, puolished by the author,
Midland Park, New Jersey, 1965.

103



11. Interview between P.J. Reister, LCDR, USN. and the author.

October 1992.

12. Bertin, John J., & Smith, Michael L., Aerodynamics For Engineers.

Second Edition, Prentice Hall, Englewood Cliffs, N.J. 1989.

13. Shevell, R.S., Fundamentals Of Flight, Second Edition, Prentice
Hall, Englewood Cliffs, N.J. 1989.

14. NASA Technical Paper 2969. NASA Supercritical Airfoils, by

C.D. Harris,March 1990.

15. Abbott, Ira H. and von Doenhoff, Albert E., Theory of Wing
Sections, Including a Summary of Airfoil Data, Dover
Publications, Inc., New York 1949.

16. Telephone conversation between Harris, C.D., NASA Langley, and

the author, Oct 1992.

17. NASA Technical Memorandum 86370, Pressure Distribution From

High Reynolds Number Tests of a NASA SC(3)-0712(B) Airfoil in

the Langley 0.3- meter Transonic Cryogenic Tunnel, by W.G.
Johnson, Jr., A.S. Hill and 0. Eichmann

18. McDonnell Douglas Flight Control Division,USAF Stability and

Control DATCOM, St. Louis, 1976.

19. Anderson, John D., Jr., Introduction to Flight, 3rd ed., McGraw-
Hill Book Co., 1978.

20. Etkin, Bernard, Dynamics of Flight, Stability and Control, Second

Edition, John Wiley and Sons, Inc., New York, 1959.

104



21. Henderson, Breck W., "Boeing Pursues Innovative Concept For
Future Navy EX", Aviation Week and Space Technology, pp. 62-63,
March 16, 1992.

105



INITIAL DISTRIBUTION LIST

1. Defense Technical Information Center 2
Cameron Station
Alexandria, VA 22304-6145

2. Library, Code 52 2
Naval Postgraduate School
Monterey, CA 93940-5002

3. Professor Conrad F. Newberry
Code AA/NE
Naval Postgraduate School
Monterey, CA 93940-5002

4. Professor Richard M. Howard
Code AA/HO
Naval Postgraduate School
Monterey, CA 93940-5002

5. Mr. Russ Perkins
Naval Air Systems Command
AIR-05C
Washington, D.C. 20361-5000

6. Mr. Thomas Momiyama
Naval Air Systems Command
AIR-530T
Washington D.C. 20361-5300

7. Mr. Frank O'Brimski
Advanced Design Branch
Naval Air Systems Command
AIR-5223
Washington D.C. 20361-5220

106



8. LCDR Michael J. Wagner
c/o 835 E Ave. #G
Coronado, CA 92118

107


